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(54) Tide: PROTEASE-RESISTANT THROMBOMODULIN ANALOGS 
(57) Abstract 

The present invention relates to the single-chain thrombomodulin ("TM") and analogs thereof that are not susceptible to 
cleavage by proteases and retain the biological activity of thrombomodulin, as well as methods of use in, for example, antithrom- 
botic therapy. Novel proteins, nucleic acid gene sequences, pharmaceuticals and methods of inhibiting thrombotic activity are dis- 
closed. 
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PROTEASE -RESISTANT THROMBOMODULIN ANALOGS 

This application is a. continuation-in-part of U.S. 
Serial No. 07/830,577, which is a continuation-in-part of 
U.S. Serial No. 07/568,456, filed August 15, 1990, which 
5 is a continuation-in-part of U.S. Serial No. 07/506,325, 

filed April 9, 1990, and the application corresponding to 
PCT Serial No. 90/00955, filed February 16, 1990, which 
was a continuation-in-part application of U.S. Serial No. 
07/406,941, filed September 13, 1989, which was a 
10 continuation-in-part of U.S. Serial No. 07/345,372, filed 

April 28, 1989, all of whose disclosures are entirely 
incorporated by reference herein. 

Backgro und of the Invention 

The present invention relates to single-chain 
15 thrombomodulin polypeptides, including analogs of 

thrombomodulin ("TM") that are less susceptible to 
cleavage by proteases. These analogs are useful in, for 
example, antithrombotic therapy. Novel proteins, nucleic 
acid gene sequences, pharmaceuticals, and methods of 
20 inhibiting thrombotic activity are disclosed. 

There are many disease states that would benefit 
from treatment with a safe and effective 
anticoagulant/anti-thrombotic. The nature of these 
conditions varies. For example, anticoagulant therapy is 
25 useful in acute conditions such as during thrombolytic 

therapy in myocardial infarction or in treatment of 
disseminated intravascular coagulation (DIC) associated 
with, for example, septicemia. Anticoagulants are also 
useful for less acute conditions, such as chronic use in 



WO 93/15755 PCT/US93/01120 



patients that have received heart- valve implants or 
prophylactic use in surgery, patients to reduce the risk 
of deep venous thrombosis (DVT) . 

Thrombomodulin is a membrane protein that has 
5 demonstrated anticoagulant properties. Its physiological 

importance has been studied. (See, for example, N. Esmon, 
et al., (1982) J. Biol. Chem. 257:859-864, H. Salem, et 
al., (1983) J. Biol. Chem. 259:1^4^.199^^ 

The gene encoding native thrombomodulin has been 
10 isolated and sequenced from several species, both in its 

genomic form and as a cDNA clone (Jackman, R. , et al . , 

(1986) Proc. Natl. Acad. Sci. USA^ 83; 8834-883 8 and 

(1987) 84:6425-6429, both of which are herein 
incorporated by reference) . Comparisons with known 

15 proteins, such as the LDL receptor, have suggested 

functional domains (Wen, D., et al (1987) Biochemistry 
26:4350-4357) . One study has suggested that the fifth 
and sixth epidermal growth factor (EGF) -like domains have 
the. capacity to bind thrombin (Kurosawa, S., et al., 

20 (1988) J. Biol. Chem. 263:5993-5996); another suggests 

that EGF-like domains 4, 5, and 6 are sufficient to act 
as a cofactor for thrombin-mediated protein C activating 
activity. (Zushi, et al . , (1989) J. Biol. Ch^m 
264:10351-10353). Inhibition of thrombin's direct 

25 prdcoagulant activity (conversion of fibrinogen to 

fibrin) has been attributed to, in part, glycosamino- 
glycan substituents on the thrombomodulin molecule. 
{Bourin, M.C. et al., (1986) Pro. Natl. Acad. Sci : USA 
83:5924-5928.) The O-linked glycosylation domain has 

30 potential sites for the addition of these types of 

sulfated sugars . 

Thrombomodulin analogs, including soluble molecules, 
having various modifications are known. There are, for 
example, modifications to oxidation- sensitive amino acid 

35 residues in thrombomodulin which render the molecule 

resistant to oxidation. There are also modifications to 
thrombomodulin, e.g., by elimination of sulfated o-linked 
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The production of TM and TM analogs by recombinant 
techniques in heterologous cells, e.g., in cell culture, 
has encountered numerous problems in achieving acceptable 
products for use in- in vivo applications. For example, 
5. the N-terminal end of TM is imprecisely cleaved in cells 
containing the recombinant gene as well as in native 
cells, resulting in a product that has a non-unique 
N-terminus. This causes, among other difficulties, a 
problem in providing proof of purity of the isolated 

10. polypeptide, e.g., for regulatory purposes.. 

Glycosylation of recombinantly produced TM has also 
proved to be a problem, in that some of the glycosylation 
sites are apparently involved in maximizing biological 
activity, while other sites are apparently recognized as 

15 signals in vivo to clear the bloodstream of TM, thus 

reducing the circulating half-life of a TM so , 
glycosylated. Other, less well defined problems also are 
known to exist which interfere with the production of a 
maximally useful recombinantly produced TM polypeptide. 

20 Thus, there is a need for new compositions that 

exhibit the anticoagulant properties of thrombomodulin 
and are easily produced in large quantities) but without 
the problems encountered in recombinant production of TM 
by heterologous cells. The present invention fulfills 

25 these and other needs. 

Summary of the Invention 

This invention provides single-chain thrombomodulin 
(TM) substantially devoid of two-chain TM. This TM is 
provided by removal of two -chain TM from preparations 
30 which contain it, or by preventing cleavage of single- 

chain TM. 

In another, embodiment, this invention provides TM 
having a single N-terminus. This TM is provided by the 
absience of two-chain TM, and/or by the elimination of the 
35 natural, heterogeneous N-terminal signal sequence 

processing site. 
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carbohydrates through enzymatic removal or modification 
of glycosylation sites on the peptide, which decrease the 
inhibition of thrombin-mediated platelet aggregation and 
thrombin-mediated conversion of fibrinogen to fibrin, 
which is an important property of thrombin. These 
modifications are disclosed in U.S. Serial No. 
07/568,456, filed August 15, 1990, which is incorporated 
herein by reference. 

Anticoagulants currently approved for use in humans 
are not uniformly effective and a need exists for more 
efficacious compounds (See, for example, Prevention of 
Venous Thrombosis and Pulmonary Embolism, Consensus 
Development Conference Statement, NIH, 1986, 6(2):l-23). 
Thrombomodulin in its native form is not suitable 
15 . for anticoagulant therapy as it is membrane -bound, due to 
its inherent amino acid sequence, and is insoluble 
without detergent treatment, it is present in such small 
amounts (about 300 mg thrombomodul in/person) that 
purification from autopsy or biopsy samples is 
2 0 imprac t ical . 

Soluble thrombomodulin- like molecules have been 
detected at very low amounts in human plasma and urine. 
These molecules have a reduced ability to promote protein 
C activation, and it is possible that they have been 

25 rendered at least partially inactive, due at least in 
part, to oxidation. It has been suggested that these 
molecules are degradation products of the membrane bound 
molecule (Ishii, H. and Majerus, P., (1985) J. Clin, ttv,, 
76:2178-2181), but they are present in such low amounts 

30 that they have been difficult to characterize (-0.8 

mg/adult male) . Proteolytic fragments of the purified 
native molecule have been produced using trypsin or 
elastase. (See, Ishii, supra, Kurosawa, et al., (1988) 
— Biol. Chem. 263:5593-5996 and Stearns, et al . , (1989) 

35 J. Bjol. Chem. 264:3352-3356). Some of these fragments 

retain the ability to promote thrombin-mediated 
activation of protein C in vitro. 
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In another embodiment, this invention provides TM 
having a single C-terminus. This TM is provided by the 
absence of a C-terminus which is sensitive to 
exocarboxypeptidase . 
5 ■ In another embodiment, this invention provides 

single-chain TM which can be expressed in eukaryotic 
cells, e.g., animal cells, vertebrate cells, insect 
cells, mammalian cells, human cells, etc., e.g., in CHO 
or CHL1 cells. 

10 . This invention provides methods for treating 

thrombotic disease by administering an effective dose of 
a single -chain thrombomodulin or analog thereof, 
typically one which is resistant to protease cleavage and 
which retains the biological activity of thrombomodulin. 
15 m some preferred aspects, the polypeptide composition 

exhibits only a single N-terminus and a single 
C-terminus, has at least approximately native ability to 
potentiate thrombin-mediated activation of protein C, 
and/or has a reduced ability to inactivate 
20 thrombin-mediated conversion of fibrinogen to fibrin. it 

is preferred in some embodiments that the analog is 
soluble in aqueous solution and/or has a long circulating 
half-life, e.g., is oxidation and/or protease resistant. 
In other embodiments, it is preferred that the 
25 analog be modified in the sugar residues of the O- linked 

glycosylation domain. By modified it is meant that the 
O- linked glycosylation domain has an altered glycosyl- 
ation pattern. This can encompass substitution, and 
• total or partial deletion of native sugar residues. This 
modification can be achieved by deleting the amino acid 
residues that are recognized by cells as glycosylation 
sites, e.g., by site directed mutagenesis. Alternatively 
the sugars can be chemically removed, either partially or 
totally. In another modification the sugars can be 
enzymatically treated to remove sulfate substituents . in 
yet another modification the entire glycosylation domain 
can be deleted. 
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Some preferred analogs for use in the method will 
retain the capacity to potentiate the thrombin-mediated 
activation of protein C and/or have 80% or less of the 
capacity of native thrombomodulin to inactivate 
5 thrombin-mediated conversion of fibrinogen to fibrin. 

More specifically, these TM analogs, when standardized to 
have an equal activity in a standard protein C activation 
assay compared to native detergent -solubilized rabbit 
thrombomodulin, will have only 80% or less of the 

10 activity of the same amount (mass) of native 

thrombomodulin in a standard assay measuring thrombin- 
mediated conversion of fibrinogen to fibrin. One 
preferred analog, of this invention has 50% or less of the 
activity of the same amount of native thrombomodulin in 

15 the fibrin assay. These capacities are measured using 

standard assays described herein. 

This invention further provides for sterile 
compositions for treating thrombotic disease in mammals 
comprising a unit dosage of a thrombomodulin analog 

20 having one or more of the above-noted properties. The 

preferred analogs are as described above for various 
methods . 

This invention further provides for methods of 
increasing the in vivo circulating half -life of a 
25 thrombomodulin analog comprising removing all or most of 

the sugar moieties, e.g., in the 6 EGF-like . domains . 



Brief Description of the Figures 

Figure 1 shows an elution and activity prof ile of a 
soluble TM e (Sf9) preparation resolved on a Mono Q column. 
30 Figure 2. shows SDS-PAGE analysis of samples from the 

column profile shown in Figure 1. 

Figure 3 shows gel electrophoresis profiles of 
samples run under reducing conditions. 

Figure 4 shows a Western blot of a gel electro- 
3 5 phoresis profile. 
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Figure 5 shows a double reciprocal plot of TM 
binding to thrombin. 

Figure 6 shows SDS-PAGE of samples from an 
anhydrotrypsin column, reduced in sample buffer in 10% 
£-mercaptoethanol and loaded on an 8% SDS-PAGE gel. 
TM LBO (CHO)M 388 L lot #102491A (load or starting material), 
clipped TMleq (CHO) M 3Be L (bound or pool), intact 
TM M . 0 (CHO)M 388 L (flow through), and positions of molecular 
weight markers (kDa) are indicated. 

Figure 7 shows a gel scan of the SDS-PAGE gel of 
Fig. 6. The gel was scanned on a Molecular Devices 
Computing Densitometer and analyzed using the program 
ImageQuant provided with the instrument. TM^q (CHO) M 388 L 
lot #102491A (load or starting material) . has a shoulder 
indicated by the arrow which is the clipped TM LEO (CHO)M 388 L, 
This shoulder is removed by the anhydrotrypsin. column 
from intact TM^ (CHO) M 388 L (flow through). Clipped 
TM^(CHO)M 388 Ii is eluted in pure form from the column. 
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Detailed Description of the Invention 

In accordance with the present invention, new TM 
analogs, methods, and compositions are provided which can 
treat thrombotic disease . They are based on a single - 
chain thrombomodulin (TM) or thrombomodulin analog which 
is resistant to protease cleavage . In addition, other 
25 modifications can be introduced which result in other 

improved properties of an antithrombotically effective 
pharmaceutical, e.g., wherein the TM exhibits a reduced 
capacity to inhibit the direct procoagulant activities of 
thrombin or exhibits other properties such as thrombin- 
30 mediated conversion of fibrinogen to fibrin, oxidation 

resistance, glycosylation resistance, increased in vivo 
half -life, etc. Pharmacologists prefer drugs which 
contain a single therapeutically effective homogeneous 
composition. Such drugs are preferred because they are 
35 less likely to induce undesired side effects than drugs 

containing multiple species, including species containing 
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undefined biological effectiveness. This invention has 
the advantage of containing a more biologically pure 
species, often also being chemically pure/ which does not 
have the disadvantages of prior art products . 
5 . The prior art thrombomodulin compositions, 

particularly those produced by recombinant techniques in. 
heterologous cells, have been studied extensively by the 
present inventors in order to determine parameters for 
the structure of the polypeptide which provide optimal 
10 . pharmaceutical utility. In the course of these 
investigations - t it was found that, surprisingly, 
thrombomodulin preparations previously thought to contain 
pure, single-chain polypeptides were, . in fact, heavily 
contaminated with thrombomodulin polypeptides having an 
15 internal peptide cleavage, but wherein the polypeptide 

continued to copurify with single-chain forms of TM, 
because the cysteine bonding between the separate chains 
caused the two-chain form of the TM to behave similarly 
to a single -chain form under purification conditions. 
20 This would apply both to full-length native TM, as well 

as to soluble TM molecules. 

This previously unappreciated problem was 
discovered, in part, by careful analysis of these 
preparations, which revealed that the recombinantly 
25 produced thrombomodulin demonstrated two-phase non-linear 

binding properties. Double -reciprocal plot analysis 
indicated the presence of two species with different 
binding affinities in the composition. This led to 
further investigations as to the nature of the different 
3 0 species. Careful analysis of TM preparations using 

sodium dodecyl -sulf ate-polyacrylamide gel electrophoresis 
(SDS-PAGE) run under reducing, non-reducing, or native 
conditions and employing sensitive detection techniques, 
e.g., silver or immunological staining, led to the 
35 discovery that there was a second immunoreactive band 

having an apparent molecular weight of about .80 
kilodaltons, in addition to the expected 94 kilodalton 
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band of particular soluble TM analogs, on such gels. 
This composition was then shown to have a second 
N-terminal amino acid sequence consistent with the 
presence of an internal N-terminus. This is likely the 
5 result of a protease cleavage, at a location within the 

TM sequence, indicating that the apparently single -chain 
form of TM was contaminated with a cleaved two-chain 
species. This species is cleaved near or within the 
thrombin binding site of the TM. Thus, while the 
10 physical characteristics of the two-chain form were so 

similar to the single-chain form as to result in 
copurification, in fact the biological activity, e.g., 
the binding properties, of the mixture appears to be 
affected by this previously unrealized distinct species. 
The present invention provides thrombomodulin analog 
compositions substantially free of such two- chain 
contaminants . 

In another aspect of this invention, there are 
provided other improved compositions of thrombomodulin. 
For example, it has also been discovered that TM analogs, 
especially those produced by heterologous cells under 
recombinant conditions have an N-terminus produced by 
signal sequence processing of the amino acid sequences 
upstream of the mature N-terminus. In fact, the product 
25 exhibits heterogeneity at the amino terminus. There are 

two processing sites, one which provides the native 
N-terminal amino acid 1, and a second site which, when 
used, produces a cleavage product containing two more 
amino acids at the N-terminus, e.g., starting at amino 
acid -2. By modification of the DNA sequence encoding 
the N-terminus of the TM polypeptide, the signal sequence 
processing site can be modified to provide a single 
N-terminal processing site, and therefore a single 
N-terminus for the resultant TM analogs. Thus, a TM 
35 analog which deletes the first three amino acids of the 

native molecule provides a signal sequence processing 
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site which is unique, thereby producing a polypeptide 
composition with a single N- terminal sequence. 

Still further, , the elimination of internal cleavages 
to produce a single-chain TM analog results in a composi- 
5 tion having a homogeneous carboxy terminus. Constructs 

which are resistant to protease or other proteolytic 
cleavage are made so as to provide . single C-termini as 
well.. This can be accomplished by removal or modifica- 
tion of protease cleavage sites. For example, by 
10 deleting a portion of the C-terminal region of the 

polypeptide which is not critical to biological function 
in pharmaceutical applications, a polypeptide can be 
provided which terminates in a -Pro-Pro sequence at amino 
acids 489-490, which sequence is especially resistant to 
15 exocarboxypeptidase activity. 

In another embodiment, this invention -also provides, 
for methods of increasing the in vivo half-life of TM 
analogs by modifying or deleting particular native 
glycosylation patterns, or removing protease-sensitive 
20 sequences. Our early studies have indicated that the 

proteolysis -resistant form of soluble TM has a longer 
circulating half -life in an animal. Thus, it is likely 
that a physiological mechanism which contributes to TM 
inactivation is proteolysis at, or near, the identified 
region of the protein. By modifying this segment of the 
sequence to avoid inactivation, a much more effective 
therapeutic agent is produced. Increased half-life is 
advantageous for TM therapy because it permits admini- 
stration of lesser amounts of TM to achieve equivalent 
pharmacological effect compared to the native drug. A 
biological half-life which is at least greater than a few 
minutes provides for a more predictable therapeutic 
regimen . 

In addition, these soluble thrombomodulin analogs 
can be produced economically and are easily purified and 
administered. A variety of therapeutic uses are antici- 
pated, particularly with respect to- anticoagulant and/or 
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antithrombotic therapies. in order to fully appreciate 
the invention, the following detailed description is set 
forth . 

X - Biological Activi<- y of Th^mbnmoHi.l j n 

5 The underlying pathology of thrombotic disorders is 

that a clot forms in response to a stimulus such as, for 
example, a damaged vessel wall. This stimulus triggers 
the coagulation cascade and thus generates thrombin which 
has the ability to convert fibrinogen to fibrin, the 
10 matrix of the clot. Thrombomodulin is an endothelial 

cell membrane protein that acts as a receptor for 
thrombin. In humans it is distributed on the endothelium 
of the blood vessels and lymphatics of all organs except 
the central nervous system. Thrombin has the ability to 
bind reversibly to thrombomodulin, when bound to 
thrombomodulin, thrombin is converted from a procoagulant 
enzyme to an anticoagulant enzyme. The thrombin/ - 
thrombomodulin complex inhibits the coagulation cascade • 
in at least two distinct ways. First, thrombin's binding 
to thrombomodulin potentiates thrombin -mediated activa- 
tion of protein C. Activated protein C inactivates other ' 
procoagulant components of the coagulation cascade, such 
as Factors Va and Villa, which in turn inhibits the 
conversion of more prothrombin to thrombin. Thrombin - 
mediated activation of protein C is greatly enhanced when 
thrombin is bound to thrombomodulin, i.e., the rate of 
protein C activation increases at least 1000-fold. 
Secondly, binding to thrombomodulin has direct anti- 
coagulant effects such as the inhibition of thrombin- 
mediated conversion of fibrinogen to fibrin and thrombin- 
mediated activation and aggregation of platelets. 
Although normally an integral component of the endo- 
thelial cell membrane, thrombomodulin can be released 
from the membrane in the presence of sufficient detergent 
45 and retains the ability to bind to thrombin when in 
solution. 
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The preferred thrombomodulin analogs of this 
invention will protect against thrombus formation when 
administered systemically because they will inhibit the 
generation of thrombin without disturbing other coagu- 
5 lation parameters, e.g., the activation and aggregation 

of platelets. Thus the use of soluble thrombomodulin 
analogs will be effective at preventing thrombus 
formation, yet is safer than native . thrombomodulin and 
other antithrombotics known in the art. 

10 . Diseases in which thrombus formation plays a signi- 

ficant etiological role include myocardial infarction, 
disseminated intravascular coagulation, deep vein 
thrombosis, pulmonary embolism, septic shock, acute 
respiratory distress syndrome, unstable angina, and. other 

15 arterial or venous occlusive conditions. The thrombo- 

modulin analogs of this invention are useful in all of 
these, as well as in other diseases in which thrombus 
formation is pathological. By useful it is meant that 
the compounds are useful for treatment, either to prevent 

20 the disease or to prevent its progression to a more 

severe state. The compounds of this invention also 
provide a safe and effective anticoagulant, for example, 
in patients receiving bioprostheses, such as heart 
valves. These compounds may replace heparin and warfarin 

25 in the treatment of, for example, . pulmonary embolism or 

.acute myocardial infarction. 

In particular these compounds would find a role in 
the prevention of deep vein thrombosis (DVT) , for 
instance after surgery. The formation of blood clots in 

30 the leg is itself a non-fatal condition but is very 

closely tied to the development of pulmonary embolism 
(PE) , which is difficult to diagnose and can be fatal. 
Despite the investigation and clinical use of several 
prophylactic regimens,. DVT and the resulting PE remain a 

35 significant problem in many patient populations and 

particularly in patients undergoing orthopedic surgery . 
Existing prophylactic treatments such as heparin r 
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warfarin, and dextran typically reduce the incidence of 
DVT in orthopedic surgery patients from more than 50% in 
patients at risk receiving no prophylaxis to 25-3 0% among 
treated patients. There are serious side effects, 
5 primarily bleeding complications. Currently, daily 

laboratory tests and adjustments in dosage are required 
to minimize bleeding episodes while retaining some 
efficacy. Based on the shortcomings of existing prophy- 
lactics, an antithrombotic which is effective at prevent- 
10 ing DVT without predisposing the patient to bleeding 

could make a significant impact on patient recovery and 
well-being. 

Angioplasty is a procedure frequently used for 
restoring patency. in occluded arteries. Although patency 
15 may be restored, it is inherent in an angioplasty 

procedure that the endothelial lining of the* artery is. 
severely damaged, and blood clots frequently begin to 
form. Soluble thrombomodulin analogs administered in 
conjunction with angioplasty will prevent this 
2 0 deleterious side effect. 

.Many acute thrombotic and embolic diseases are 
currently treated with fibrinolytic therapy in order to 
remove the thrombus. The condition that has been most 
investigated is acute myocardial infarction (heart 
25 attack) . Agents currently in use for treating acute 

myocardial infarction include streptokinase, tissue 
plasminogen activator and urokinase. Use of these agents 
can lead to serious bleeding complications. Patients who 
have had a thrombus removed by fibrinolytic therapy and 
30 in whom the blood flow has been restored frequently 

reocclude the affected vessel, i.e., a clot reforms. 
Attempts have been made to prevent the reocclusions by 
increasing the dose or time of treatment with a 
thrombolytic agent, but the incidence of bleeding then 
35 increases. Thus the therapeutic index for these drugs is 

narrow . 
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The use of thrombomodulin analogs provides 
protection against reocclusion, in part because its 
action is local, i.e., where thrombin is being generated 
or being released . from a clot. Therefore, when used in 
5 combination with a thrombolytic agent whose . dose can then 

be decreased, the risk of bleeding can be substantially 
reduced. 

Administration of. single-chain thrombomodulin or TM 
analogs can be accomplished by a bolus intravenous 
10 injection, by a constant intravenous infusion, or by a 

combination of both routes. Also, soluble thrombomodulin 
mixed with appropriate excipients may be taken into the 
. circulation from an intramuscular site. Systemic 

treatment with thrombomodulin analogs can be monitored by 

15 determining the activated partial thromboplastin time 

(APTT) . on serial samples of blood taken from the patient. 
The coagulation time observed in this, assay is prolonged 
when a sufficient level of thrombomodulin is achieved in 
the circulation. However, this is a systemic measurement 

20 of efficacy, and the inventors have discovered that an 

effective dose of soluble TM analog does not necessarily 
affect the APTT. As used herein, a therapeutically 
effective dose is defined as that level of TM analog 
sufficient to prevent formation of pathological clots. 

.25 Dosing levels and regimens can be routinely adjusted by 

one of ordinary skill in the art so that an adequate 
concentration of thrombomodulin is maintained as measured 
by, for example, the activated partial thromboplastin 
clotting time (APTT) , the thrombin clotting time (TCT) , 

30 or conversion of protein C to activated protein C (APC) 

assays . 

Several methods are known for the detection and 
monitoring of thrombotic disease. Deep venous thrombosis 
can be detected, for example, by contrast venography, • 
35 (Kerrigan, G.N.W. , et al., (1974) British Journal' of 

Hematology 26;469), Doppler ultrasound (Barnes, R.w. 
<1982) Surgery Clinics in North Am^H^ 62:489-500) , «l- 
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labeled fibrinogen uptake scanning (Kakkar, V.V., et al . 
(1972) Archives of Surgery 104:156; Kakkar, V.V., et al 
(1970) Lancet i:540-542), impedance plethysmography 
(Bynum, L.J. et al., (1978) Annals of T ntem.l M^H^-i^ 
5 89:162), and thromboscintoscan (Ennis, J.T. and Elmes, 

R.J. (1977) Radiology 125:441). These methods are useful 
to monitor the efficacy of the methods and compositions 
described herein.- 
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II . TM analogs 

A DNA sequence encoding the full-length native human 
thrombomodulin protein has been isolated (European Patent 
Application No. 88870079.6, which is incorporated herein 
by reference) . The cDNA sequence encodes a 60.3 kDa 
protein of 575 amino acids, which includes a signal 
15 sequence of - about 18 amino acids. 

The sequences for bovine, mouse and human thrombo- 
modulin exhibit a high degree of homology with one 
another. By analogy with other proteins, the structure ' 
of thrombomodulin can be presumptively divided into 
20 domains. The term "domain" refers to a discrete amino 

acid sequence that can be associated with a particular 
function or characteristic. Typically, a domain exhibits 
a characteristic tertiary structural unit. The full- 
length thrombomodulin gene encodes a precursor peptide 
25 containing the following domains: 

Approximate Amino 

Acid Position Domain 

-18- -1 Signal sequence 

30 1-226 N-terminal (lectin) domain 

(L) 

227-462 e EGF-like domains (E) 

463 " 497 0-linked Glycosylation (O) 

498-521 ' stop Transfer Sequence 

(transmembrane domain) 
35 522-557 Cytoplasmic domain 
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See C. S.Yost et al., (1983) Cell, 34:759-766 and D. Wen 
et al.> (1987) Biochemistry . 2G_: 4350r4357 , both 
incorporated herein by reference. 

In the nomenclature used here, the subscript refers 
5 to the domains contained in the TM analog: L = the 

lectin domain, E = the 6 EGF-like domains, 0 = the 
O-linked glycosylation domain, M = the transmembrane 
domain, and C = the cytoplasmic domain. Thus, TM analog 
6h/227-462 corresponds to a TM E analog, TM E (Sf 9 ) indicates 

10 that it is expressed in insect cells, TM LEO ( GHO ) indicates 

that it is expressed in CHO cells, and TMD123 (Zushi, M. , 
Gomi , K . , Yamamoto , S . , Maruyama , I . , Hayashi , T . , and 
Suzuki, K. (1989) J. Biol. Chem. 264, 10351-10353) and 
TMDl (Parkinson, J.F., Grinnell, B.W., Moore, R.E., 

15. Hoskins, J., Vlahos, C.J., and Bang, N.U. (1990) J. Biol. 
Chem. 265, 12602-12610) correspond to TM^ analogs . 

Particularly preferred single -chain TM analog 
compositions are those that have one or more of the 
following characteristics: 

20 (i) they exhibit protease resistance, 

(ii) they have homogeneous N- or C-termini, 

(iii) they have been post-translationally modified, 
e.g., by glycosylation of at least some of the 
glycosylation sites of native thrombomodulin, 

25 < iv ) they have linear double- reciprocal thrombin 

binding properties, 
(v) they are soluble in aqueous solution in rela- 

tively low amounts of detergents and typically 
lack a stop transfer (transmembrane) sequence, 

3 ^ (vi) they retain activity after exposure to 

oxidants, 

(vii) ■■ when bound to thrombin, they potentiate the 

thrombin-mediated activation of protein C but. 
have a reduced ability to inhibit the direct 
35 pro-coagulant activities of thrombin such as 

■ the conversion of fibrinogen to fibrin or the 
activation and aggregation of platelets . 
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Assays for the last two characteristics can be run on an 
automatic coagulation timer according to the manufac- 
turer's specifications; Medical Laboratory Automation 
inc. distributed by American Scientific Products, McGaw 
5 Park, Illinois. (See also H. H. Salem et al., (1984) <L. 

Biol. Chem. , 259.: 1224 6-12251, which is incorporated 
herein by reference) . In comparison to native thrombo- 
modulin, preferred TM analogs have been modified to 
embrace the 6 epidermal growth factor [EGF] -like domains 
and may also contain the O- linked glycosylation and/or 
lectin domains. 

In a preferred embodiment, soluble TM analogs are 
oxidation resistant. This refers to analogs that retain 
activity after exposure to oxidants. Such analogs are 
described in detail in co-pending co-assigned U.S. 
Application Serial No. 07/506,325, filed April 9, 1990, 
incorporated herein by reference. 

For purposes of the present invention, the following 
terms are defined: 
20 "Protease site" as used herein refers to an amino 

acid or series of amino acids in a TM polypeptide which 
define a recognition, binding, cleavage, or other- site 
susceptible to the activity of a protease. For example, 
when one or more amino acid residues encompassed by this 
site are substituted by another amino acid residue (s) or 
are deleted, the. protease is no longer able to cleave the 
TM at that site. This term also encompasses regions of 
the TM molecule which are inherently susceptible to 
proteases, e.g., by being conformationally exposed and 
available to a' protease activity. 

"Protease cleavage site" as used herein refers to 
the precise location at which a protease cleaves the TM 
polypeptide analog. 

"Single N- terminus" and "single C- terminus" are used 
herein to have their literal meanings which functionally 
refer to the property of the composition, e.g., wherein, 
upon conventional sequential amino acid sequence 
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analysis, each degradation cycle results in the removal 
of an amino acid residue which is essentially devoid of a 
different amino acid residue. Thus, after several 
cycles, e.g., 10 cycles, of stepwise removal of the 
N-terminal amino acids, essentially only one amino acid 
is recovered at each cycle. In particular, no more 
heterogeneity in sequence is detected than would be 
statistically expected from a completely pure single- 
chain polypeptide according to the analytic procedure 
used. 

"Single -chain TM" refers to a composition of TM 
which contains substantially all uncleaved peptide 
chains. The polypeptides in a single-chain composition 
need not all exhibit identical amino or carboxy terminal 
ends. 

"Two-chain TM" refers to a composition containing 
physically detectable aLmounts, typically in. excess of 
about .5-3%, of. polypeptide which has a broken peptide ■ 
bond. 

"Devoid of two- chain thrombomodulin" as used herein 
means that the composition comprises essentially all 
single-chain TM. Typically, the amount of two-chain TM 
is less than about 25% by molar amount, more typically 
less than 15%, preferably less than about 10%, more 
preferably less than 5%, and in particularly preferred 
embodiments, less than 3%. Alternatively, the amount of 
two-r chain TM in a composition is less than that which 
would cause a significant decrease in the specific 
activity of pure single-chain TM, e.g., the amount of 
two - chain TM is less than the amount which alters a 
linear double reciprocal plot defined herein. Thus, two- 
chain TM molecules are. present in the form of a : 
polypeptide chain having at least one scission which 
results, in the production of additional N- and/or C- 
termini .. 

"Substantially retains the biological activity of 
native thrombomodulin" and similar terms, as used herein, 
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means that the thrombomodulin shares biological 
activities with a native membrane bound TM molecule. 
Generally, the activity in units per milligram of protein 
is at least about 50%, ordinarily 75%, typically 85%, 
5 more typically 95%, preferably 100% and more preferably 

over 100% of the activity of native thrombomodulin. This 
biological activity can be that of thrombin-mediated 
activation of protein C (APC) , of activated partial 
thromboplastin clotting time (APTT) , of thrombin clotting 
10 time (TCT) , or of any of TM's biological, preferably 

therapeutic, activities. The native standard of 
comparison is a full-length membrane bound version of TM, 
but in many cases, a soluble TM comprising the 
lectin/EGF/O-linked domain (TM^) can be used as a more 
15 convenient standard. 

"Glycosylation sites" refer to amino acid residues 
which are recognized by a eukaryotic cell as locations * 
for the attachment of sugar residues. The amino acids 
where sugars are attached are typically Asn (for N- linked 
20 sugars) , threonine or serine (for 0- linked sugars) 

residues. The specific site of attachment is typically 
signaled by a sequence of amino acids, e.g., Asn-X- (Thr 
or Ser) for most N-linked attachment and (Thr or Ser) -X- 
X-Pro for most O-linked attachment, where X is any amino 
25 acid. The recognition sequence for glycosaminoglycans (a 

specific type of sulphated sugar) is generally Ser-Gly-X- 
Gly, but can also be X-Ser-Gly-X-Val . The terms N-linked 
and O-linked refer to the chemical group that serves as 
the attachment site between the sugar moiety and the 
30 amino acid residue. N-linked sugars are attached through 

an amido group; O-linked sugars are attached through an 
hydroxy 1 group. 

n In vivo circulating half-life" refers to the 
average time it takes an administered plasma activity in 
35 a mammal to decrease by one half. 

"Native thrombomodulin" refers to the full length 
protein as it occurs in nature. When biological 
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. activities are described with reference to the native TM, 
the term embraces a detergent solubilized aqueous form: 
Often, in the context of comparison to an activity, a 
transfected soluble polypeptide may exhibit substantially 
5 identical properties. 

"O-linked glycosylation domain" refers to the 
sequence of amino acids numbered from 463 through 485 of 
the native thrombomodulin sequence as depicted in Table 
1. 

10 "Oxidation resistant analogs" refers to analogs of 

thrombomodulin which are able to maintain a substantial 
amount of biological activity after exposure to an 
oxidizing agent such as oxygen radicals, Chloramine T, 
hydrogen peroxide,, or activated neutrophils. 
15 . "Pharmaceutical excipients" refers to non- toxic, 

. . medically-acceptable materials which are use'd to complete- 
a medical therapeutic. These materials can be inert, 
such as water and salt, or biologically active, such as 
an antibiotic or analgesic. 
20 "Reduced ability" refers to a statistically 

meaningful lowering of a biological property. The 
property is unlimited and the measurement or quantifi- 
cation of the property is by standard means. 

"Sugar residues" refers to hexose and pentose 
carbohydrates including glucosamines and other carbo- 
hydrate derivatives and moieties which are covalently 
linked to a protein. 

"Sulfate substituents" are sulfur-containing 
substituents on pentose or hexose sugars. 
30 "Thrombin-mediated conversion of fibrinogen to 

fibrin" refers to the enzymatic activity by which 
thrombin cleaves the precursor protein fibrinogen to make 
fibrin monomer, which subsequently polymerizes to form a 
blood clot • 

35 "Thrombotic disease" refers to a pathogenic 

condition in a mammal characterized by the formation of 
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one or more thrombi that are or can be detrimental to the 
health of the mammal . 

"Thrombomodulin analogs" are peptides which 
substantially retain the biological activity of natural 
5 TM, as discussed above, and which have a molecular 

structure different from that of a natural version TM. 
For example, the term refers to proteins having an amino 
acid sequence identical or homologous with that of native 
thrombomodulin, to insoluble and soluble thrombomodulin 
peptides or fragments, and to oxidation resistant TM 
species, all having thrombomodulin- like activity. These 
compounds also include derivatives and molecules 
comprising amino acid changes which do not significantly 
decrease the protein C activation cof actor properties of 
15 the protein when compared with native TM. 

"Transfer vector" refers to a vector cotransf ected 
into another cell, e.g., an insect cell, with, e.g., a 
wild-type baculovirus. The transfer vector is construe^ 
ted in such a way as to encourage a recombination between 
20 a viral, e.g., the baculovirus, genome and the transfer 

vector, e.g., replacing the baculovirus polyhedron gene 
with a heterologous target gene, where a vector is being 
maintained by a host cell, the vector may either be 
stably replicated by the cells during mitosis as an 
25 autonomous structure, or is incorporated within the 
host ' s genome . 

As used herein, a "soluble TM analog" is a TM analog 
which is soluble in an aqueous solution, and typically 
can be secreted by a cell. For pharmacological admini- 
stration, the soluble TM analog or an insoluble analog 
comprising the native cytoplasmic domain or analog, may 
optionally be combined with phospholipid vesicles, 
detergents, or other similar compounds well known to 
those skilled in the art of pharmacological formulation. 
The preferred TM analogs of the present invention are 
soluble in the blood stream, making the analogs useful in 
various anticoagulant and other therapies. These modifi- 
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cations typically do not significantly affect many acti- 
vities relative to native thrombomodulin, e.g./ affinity 
for thrombin or. activity in protein C activation. 

Two preferred analogs encompass the 6 EGF-like 
5 domains and are 4t/227-462 where the analog has the last 

four residues of the human tissue plasminogen activator 
signal peptide and 6h/227-462 where the 6h represents the 
last six residues of the hypodermin A signal sequence. 
More preferred are these analogs rendered oxidation 
resistant by substitution of the methionine at position 
388 with leucine. 

Another preferred embodiment is an analog corre- 
sponding to amino acids 3-490, with modifications ; to 
Met388, Arg456, His457, Ser474, and deletions at the N- 
15 and C- termini. This embodiment is particularly useful 

when expressing the gene in eukaryotic cells, e..g. , in 
animal cells, vertebrate cells, insect cells, mammalian 
cells, human cells, etc., in particular, CHO and CHL1 
cells. 

20 A. General Methods For Making TM Analogs 

This invention embraces molecular genetic manipu- 
lations that can be achieved in a variety of known ways. 
The recombinant cells, plasmids, and DNA sequences of the 
present invention provide a means to produce pharmaceu- 

25 tically useful compounds wherein the compound, secreted 

from recombinant cells, is a soluble derivative of 
thrombomodulin. 

Generally, the definitions of nomenclature, and 
descriptions of general laboratory procedures used in 

30 this application can be found in J. Sambrook et al . , 

Molecular Cloni ng, A Laboratory Manual . (1989) Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York. 
The manual is hereinafter referred to as Sambrook and is 
hereby incorporated by reference. In addition, Ausubel 

35 et al;, eds., Current Protocol s in Molecular Bihlngy , 

(1987 and periodic updates) Greene Publishing Associates, 
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Wiley-Interscience, New York, discloses methods useful in 
the present application. 

All enzymes are used according to the manufacturer's 
instructions . 

5 Oligonucleotides that are not commercially available 

can be chemically synthesized according to the solid 
phase phosphoramidite triester method first described by 
S.L. Beaucage and M.H. Caruthers, (1981) Tetrahedron 
Letts , », 22 (20) :1859-1862 using an automated synthesizer, 
10 as described in D.R. Needham-VanDevanter et al., (1984) 

Nucleic Acids Res. , 12:6159-6168. Purification of 
oligonucleotides was by either native acrylamide gel 
electrophoresis or by anion- exchange HPLC as described in 
Pearson, J.D., and Regnier, F.E. (1983) J. Chrom 
15 255:137-149. Nucleotide sizes are given in either 

kilobases (kb) or base pairs (bp) . These are estimates - 
derived from agarose or acrylamide gel electrophoresis or 
from published DNA sequences. 

The sequence of the cloned genes and synthetic 
20 oligonucleotides can be verified using the chemical 

degradation method of Maxam, A.M., et al., (1980) Methods 
in Enzymology, 65:499-560, or similar methods. The 
sequence can be confirmed after the assembly of the 
oligonucleotide fragments into the double -stranded DNA 
25 sequence using the method of Maxam and Gilbert, supra, or 

the chain termination method for sequencing double - 
stranded templates of Wallace, R.B., et al . , (1981) Gene . 
16:21-26. Southern Blot hybridization techniques were 
carried out according to Southern et al . , (1975) J. Mol , 
30 Biol., 98:503. 

Embodiments of this invention often involve the 
creation of novel peptides and genes by in vitro 
mutagenesis . Target genes are isolated in intermediate 
vectors and cloned for amplification in prokaryotes such 
35. as E. coli, Bacillus, or Streptomyces . Most preferred is 

E. coli because that organism is easy to culture and more 
fully understood than other species of prokaryotes. The 
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Sambrook manual contains methodology sufficient to 
conduct all subsequently described clonings in E. coll. 
Strain MH-l is preferred unless otherwise stated. All E. 
coll strains are grown on Luria broth (LB) with glucose, 
5 or M9 medium supplemented with glucose and acid-hydro- 

lyzed casein amino acids. Strains with resistance to 
antibiotics were maintained at the drug concentrations 
described in Sambrook. Transformations were performed 
according to the method described by Morrison, D.A. 
10 (1977) J. Bact., 132:349-351 or by Clark- Curt iss , J.E., 

and Curtiss, R. (1983) Methods in Enzymoloov . 101:347- 
362, Eds. R. Wu et al . , Academic Press, New York. 
Representative vectors include pBR322 and the pUC series 
which are available from commercial sources. 

15 B. Gene Sy nthesis 

The gene encoding native thrombomodulin has been 
isolated and sequenced from several species, both in its 
genomic form and as a cDNA (Jackman, R.,. et al., (1986) 
Proc. Natl. Acad. Sci . USA. 83 : 8834 - flft^R and (1987) 

20 84:6425-6429, both of which are herein incorporated by 

reference) . 

Publication of the full length DNA sequence 
encoding human thrombomodulin and thrombin facilitates 
the preparation .of genes and is used as a starting point 

25 to construct DNA sequences encoding TM peptides. See, „ 

e.g., Genbank Register c/o IntelliGenetics, Inc., 
Mountain View, California. The peptides of the present 
invention are preferably soluble derivatives which lack 
the stop transfer sequence of TM in addition to having 

30 internal amino acid substitutions. Furthermore, these 

analogs are secreted from eukaryotic cells which have 
been transfected or transformed with plasmids containing 
genes which encode these polypeptides. Methods for 
making modifications, such as amino acid substitutions, 

35 deletions, or the addition of signal sequences to cloned 
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genes are known. Specific methods used herein are 
described below. 

The full-length gene for thrombomodulin can be 
prepared by several methods. Human genomic libraries are 
5 commercially available. Oligonucleotide probes, specific 

to these genes, can be synthesized using the published 
gene sequence. Methods for screening genomic libraries 
with oligonucleotide probes are known. The publication 
of the gene sequence for thrombomodulin demonstrates that 
10 there are no introns within the coding region. Thus a 

genomic clone provides the necessary starting material to 
construct an expression plasmid for thrombomodulin using 
known methods. 

A thrombomodulin encoding DNA fragment can be 
15 retrieved by taking advantage of restriction endonuclease 

sites which, have been identified in regions which flank 
or are internal to the gene. (Jackman, R.W., et al . , 
(1987) Proc. Natl. Acad. Sci . TTfift 84:6425-6429). 

Alternatively, the full length genes can also be 
obtained from a cDNA library. For example, messenger RNA 
prepared from endothelial cells provides suitable 
starting material for the preparation of cDNA. a cDNA 
molecule containing the gene encoding thrombomodulin is 
identified as described above. Methods for making cDNA 
libraries are well known (See Sarabrook, supra) . 

Genes encoding TM peptides may be made from wild- 
type TM genes first constructed using the gene encoding 
full length thrombomodulin. A preferred method for 
producing wild-type TM peptide genes for subsequent 
30 mutation combines the use of synthetic oligonucleotide 

primers with polymerase extension on a mRNA or DNA 
template. This polymerase chain reaction (PCR) method 
amplifies the desired nucleotide sequence. U.S. Patents 
4,683,195 and 4,683,202 describe this method. 
35 Restriction endonuclease sites can be incorporated into 

the primers. Genes amplified by the PCR reaction can be 
purified from agarose gels and cloned into an appropriate 
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vector. Alterations in the natural gene sequence can be 
introduced by the techniques of in vitro mutagenesis or 
by use of the polymerase chain reaction with primers that 
have been designed to incorporate appropriate mutations. 
5 See Innis, M. et al . , eds. (1990), PCR Protocols: A 

Guide to Methods and Applications, Academic Press. 

The TM peptides described herein are typically 
secreted when expressed in eukaryotic cell culture . 
Secretion may be obtained by the use of the native signal 
10 sequence of the thrombomodulin gene. Alternatively, 

genes encoding the TM peptides of the present invention 
may be ligated in proper reading frame to a signal 
sequence other than that corresponding to the native 
thrombomodulin gene. For example, the signal sequence of 
15 t-PA, (see WO 89/00605 incorporated herein by reference) 

. or of hypodermin A or B (see EP 326,419 which is 

incorporated hereby by reference) can be linked to the 
polypeptide (See Table 2). In a preferred embodiment of 
the present invention, use is made of the signal sequence 
20 of t-PA which contains the second intron of the human 

t-PA gene. The inclusion of the intron enhances the 
expression level of the adjacent structural gene. 

With some analogs of this invention, those portions 
of the gene encoding the stop transfer and cytoplasmic 
25 domains of the carboxyl terminal region of the native 

thrombomodulin gene are deleted. Therefore, it is 
necessary to add a stop codon so that translation will be 
terminated at the desired position. Alternatively, a 
stop codon can be provided by the desired expression 
30 plasmid. Additionally, a pplyadenylation sequence can be 

utilized to ensure proper processing of the mRNA in 
eukaryotic cells encoding the TM analog. Also, it may be 
useful to provide an initiation codon, if one is not 
present, for expression of the TM peptides . Such 
sequences may be provided from the native gene or by the 
expression plasmid. 
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Cloning vectors suitable for replication and 
integration in prokaryotes or eukaryotes and containing 
transcription and translation terminators, initiation 
sequences, and promoters useful for regulation of the 
5 expression of TM peptides are described herein. The 

vectors are comprised of expression cassettes containing 
at least one independent terminator sequence, sequences 
permitting replication of the plasmid in both eukaryotes 
and prokaryotes, i.e., shuttle vectors, and selection 
10 markers for both prokaryotic and eukaryotic systems. 

c; Expression of TM Peptide j n Pmkarvotir r<=n i B 

In addition to the use of cloning methods in E. coli 
for amplification of cloned nucleic acid sequences it may 
be desirable to express TM analogs in prokaryotes. As 

15 discussed in greater detail below, the carbohydrate 

moieties of the mature protein are not essential for 
activity as a cofactor for the activation of protein C 
but do have an effect on the direct anticoagulant 
properties of the TM analogs as well as the molecule's 

20 half -life in circulation. Expression of thrombomodulin 

analogs in E. coli has provided a useful tool for ■ 
analysis of this issue. It is possible to recover a 
therapeutically functional protein from E. coli 
transformed with an expression plasmid encoding a soluble 

25 TM analog. 

Methods for the expression of cloned genes in 
bacteria are well known. To obtain high level expression 
of a cloned gene in a prokaryotic system, it is often 
essential to construct expression vectors which contain, 

30 at the minimum, a strong promoter to direct mRNA tran- 

scription termination. Examples of regulatory regions 
suitable for this purpose are the promoter and operator 
region of the E. coli £-galactosidase gene, the E. coli 
tryptophan biosynthetic pathway, or the leftward promoter 

35 from the phage lambda. The inclusion of selection 

markers in DNA vectors transformed in E. coli are useful. 
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Examples of such markers include the genes specifying 
resistance to ampicillin, tetracycline, or' 
chloramphenicol . 

See Sambrook, supra . for details concerning 
5 selection markers and promoters for use in E. coli. In 

one described embodiment of this invention, pUC19 is used 
as a vector for the subcloning and amplification of 
desired gene sequences. 

Expression of TM Peptides in Eukarvotic Cells 

10 It is expected that those of skill in the art are 

knowledgeable in the expression systems chosen for 
expression of the' desired TM peptides and no attempt to 
■ describe in detail the various methods known for the 
expression of proteins in eukaryotes will be made. 
15 The DNA sequence encoding a soluble TM analog can be 

ligated to various expression vectors for use in 
transf orming host cell cultures. The vectors typically 
contain marker genes and gene sequences to initiate 
transcription and translation of the heterologous gene . 
20 The vectors preferably contain a marker gene to 

provide a phenotypic trait for selection of transformed 
host cells such as dihydrof olate reductase, metallo- 
thionein, hygromycin, or neomycin phosphotransferase. 
The nuclear polyhedral viral protein from Autographa 
25 californica is useful to screen transf ected insect cell 

lines from Spodoptera frugiperda and Bombyx mori to 
identify recombinants. For yeast, Leu-2, Ura-3, Trp-l, 
and His-3 are known selectable markers ( Gene (1979) 8:17- 
24) . There are numerous other markers, both known and 
3 0 unknown, which embody the above scientific principles, 

all of which would be useful as markers to detect those 
eukaryotic cells transf ected with the vectors embraced by 
this invention. 

Of the higher eukaryotic cell systems useful for the 
35 expression of TM analogs, there are numerous cell systems 

to select from. Illustrative examples of mammalian cell 
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lines include RPMI 7932, VERO, and HeLa cells, Chinese 
hamster ovary (CHO) cell lines, WI38, BHK, COS-7, C127, 
or MDCK cell lines. A preferred mammalian cell line is 
CHL-1 or CHO. When CHL-1 is used, hygromycin is included 
5 as a eukaryotic selection marker. CHL-1 cells are derived 

from RPMI 7932 melanoma cells, a readily available human 
cell line. The CHL-1 cell line has been deposited with 
the ATCC according to the conditions of the Budapest 
Treaty and has been assigned #CRL 9446, deposited June 
10 18, 1987. Cells suitable for use in this invention are 

commercially available from the American Type Culture 
Collection. Illustrative insect cell lines include 
Spodoptera frugiperda (fall Armyworm) and Bombyx mori 
(silkworm) . 

15 As indicated above, the expression vector, e.g., 

plasmid, which is used to transform the host cell, 
preferably contains gene sequences to initiate the 
transcription, and sequences to control the translation 
of the TM peptide gene sequence. These sequences are • 

20 referred to as expression control sequences . When the 

host cell is of insect or mammalian origin, illustrative 
expression control sequences include but are not limited 
to the following: the retroviral long terminal repeat 
promoters ((1982) Nature, 297:479-483), SV40 promoter 

23 ((1983) Science. 222:524-527, thymidine kinase ■ promoter 

(Banerji, J., et al., (1982) Cell , 27:299-308), or the 
beta-globin promoter (Luciw, P. A., et al . , (1983) Cell , 
33:705-716). The recipient vector nucleic acid contain- 
ing the expression control sequences is cleaved using 

30 restriction enzymes and adjusted in size as necessary or 

desirable. This segment is ligated to a DNA sequence 
encoding a TM peptide by means well known in the art. 

When higher animal host cells are employed, 
polyadenylation or transcription termination sequences 

35 normally need to be incorporated into the vector. An 

example of a polyadenylation sequence is the 
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polyadenylation sequence from SV40, which may also 
function as a transcription terminator. 

Genes incorporated into the appropriate vectors can 
be used to direct synthesis of proteins in either 
5 transient expression systems or in stable clones. Iri the 

former case yields are low, but the experiments are 
quick. In the latter case it takes more time to isolate 
high producing clones. Different vectors may be used for 
the two different types of experiments . In particular/ 
10 in the case of transient expression, sequences may be 

included within the plasmid that allow the plasmid to 
replicate to a high copy number within the cell. These ' 
sequences may be derived from a virus such as SV40 (e.g., 
Doyle, C. et al . , (1985) J. Cell Biol. , 100:704-714) or. 
15 from chromosomal replicating sequences such as murine 

autonomous replicating sequences (Weidle et al.,. (1988) 
Gene, 73:427-437) . The vector for use in transient 
expression will also often contain a strong promoter such 
as the SV40 early promoter (e.g., van Zonnenfeld, A. 
20 et al., (1987) Proc. Nat l. Acad. Sci. USA. . 83:4670-4674) 

to control transcription of the gene of interest. While 
transient expression provides a rapid. method for assay of 
gene products, the plasmid DNA is not incorporated into 
the host cell chromosome. Thus, use of transient 
25 expression vectors does not provide stable transfected 

cell lines. A description of a plasmid suitable for 
transient expression is provided by Aruffo, A., and Seed, 
B. (1987) Proc. N atl. Acad. Sci . USA . . 84:8573-8577. 
TM analogs may alternatively be produced in the 
3 0 insect ceil lines described, above using the baculovirus 

system. This system has been described by Luckow, V.A. , 
and Summers, M.D. (1988) Bio/Technology . 6:47-55. 
Generally, this expression system provides for a level of 
expression higher than that provided by most mammalian 
35 systems. The baculovirus infects the host insect cells, 

replicates its genome through numerous cycles, and then 
produces large amounts of polyhedron crystals.. The 



m 



WO 93/15755 PCT/US93/01120 

31 

polyhedron gene can be replaced with a TM peptide gene. 
The polyhedron promoter will then make large amounts of 
analog protein following infection of the culture host 
cell and replication of the baculovirus genome. The non- 
5 secreted gene product is harvested from the host 3-7 days 

post infection. Alternatively, the TM peptide may be 
secreted from the cells if appropriate signal sequences 
are present on the protein. The host cells are 
competent or rendered competent for transf ection by 

10 various means. There are several well-known methods of 

introducing DNA into animal cells. These include: 
calcium phosphate precipitation, DEAE-dextran technique, 
fusion of the recipient cells with bacterial protoplasts 
containing the DNA, treatment of the recipient cells with 

15 liposomes containing the DNA, electroporation and 

microinjection of the DNA directly into the cells'. See, 
Perbal, B. "Practical Guide to Moleonl^ cloning . » 2nd 
edition, John Wiley & Sons, New York and Wigler, et al., 
(1987) Cell, 16:777-785, which are each incorporated 

20 herein by reference. 

E. Culturina Cell B 

It is preferred that the host cell is capable of 
rapid cell culture and able to appropriately glycosylate 
expressed gene products.- Cells, both normal and 

25 transformed, known to be suitable for dense growth in 

tissue culture are particularly desirable and a variety 
of invertebrate or vertebrate cells have been employed in 
the art. In particular, cells which are suitable hosts 
for recombinant TM expression and which produce or 

30 contain, under culturing conditions, a protease which 

results in the cleavage of native thrombomodulin now pose 
no problem in cleaving the mutated protease insensitive 
TM analog. Examples of such cells include CHO, CHL-i 
(characterized as a human melanoma cell) , Sf9 cells, 

35 etc., which are publicly available from the ATCC. 
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The transfected cells are grown up by means well 
known in the art . For examples, see Kuchler et al . 
(197.7) Biochem ical Methods in Cell Culture and Virology . 
The expression products are harvested from the cell 
5 . medium in those systems where the protein is secreted 
from the host cell or from the cell suspension after 
disruption of the host cell system by, e.g., mechanical 
or enzymatic means, which are well known in the art. 

. F. Purification of TM Analogs 

10 It is preferred that the TM peptides of this 

invention be secreted by cultured recombinant eukaryotic 
cells. The TM analogs are produced in serum-free or 
serum supplemented media and are secreted intact. If 
prokaryotic cells are used, the TM analogs may be 
15 deposited intracellularly . The peptides may be fully or 

. partially glycosylated or non-glycosylated. Following 
the growth of the recombinant cells and concomitant 
secretion of TM analogs into the culture media, this 
"conditioned media" is harvested. The conditioned media 
20 is then clarified by centrif ugation or filtration to 

remove cells and cell debris. The proteins -contained in 
the clarified media are concentrated by adsorption to any 
suitable resin such as, for example, Q Sepharose or metal 
chelators, or by use of ammonium sulfate fractionation, 
25 polyethylene glycol precipitation, or by ultrafiltration. 

Other means known in the art may be equally suitable. 
Further purification of the TM analogs can be accom- 
plished in the manner described in Galvin, J. B., et al . , 
(1987) J. Biol. Chem., 262:2199-2205 and Salem, H.H. et 
30 al., (1984) J. Biol. Chem. , 259:12246-12251 and in the 

manner described in the embodiment disclosed herein. The 
purification of TM analogs secreted by cultured cells may 
require the additional use of, for example, affinity 
chromatography, ion exchange chromatography, sizing 
35 chromatography, or other conventional protein purifica- 

tion techniques. See, e.g., Deutscher (ed.), "Guide to 
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Protein Purification" in Methods in Enzymolog^ Vol. 182 
(1990) . 

. . Recombinant TM analogs may be found in different 

- forms which are distinguishable under nonreducing 
5 chromatographic conditions. Removal of those species 

having a low specific activity is desirable and is 
achieved by a variety of chromatographic techniques 
including anion exchange or size exclusion chromato- 
graphy. Recombinant TM analogs may be concentrated by 
10 pressure dialysis and buffer exchanged directly into 

volatile buffers (e.g., N-ethylmorpholine (MEM), ammonium 
bicarbonate, ammonium acetate, and pyridine acetate) . In 
addition, samples can be directly freeze-dried from such 
volatile buffers resulting in a stable protein powder 
15 devoid of salt and detergents. In addition, freeze-dried 

samples of recombinant analogs can be efficiently 
resolubilized before use in buffers compatible with 
infusion (e.g., phosphate buffered saline). Other 
suitable salts or buffers might include hydrochloride, 
hydrobromide, sulfate acetate, benzoate, malate, citrate, 
glycine, glutamate, and aspartate. 
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C Oxidation Resista nt TM analo g 

Native thrombomodulin is susceptible to oxidation 
and when oxidized loses its ability to promote the 

25 activation of protein C. Many of the disease conditions 

requiring anticoagulation are also associated with high 
levels of toxic oxygen radicals, which caji inactivate 
biomolecules and cause significant tissue damage. 
Examples of these conditions are reperfusion injury 

SO associated with myocardial infarction, DIC associated 

with septicemia, and alveolar fibrosis associated with 
adult respiratory distress syndrome. (See, Otani, H. , et 
al., (1984) Circ. Res. 55:168-175,. Saldeen, T. , (1983) 
Surg. Clin. N.A. 63 (2) : 285-304 , and Idell, S., et al., 

35 (1989) J. Clin. Inv. 84:695-705.) In addition, any 

wound, such as occurring in surgical procedures, involves 
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the influx of activated monocytes, polymorphonuclear 
leukocytes, etc., which can create toxic oxygen species 
as well as releasing a host of proteolytic enzymes, such 
as elastase.. The connection between endothelial cell 
5 damage, inflammation, and thrombosis has long been 

recognized (see The Molecular and Cellular Biology of 
Wound Repair, ed. Clark, R.A.F. and P.M. Henson (1988), 
for example) . Thrombomodulin is subject to inactivation 
by exposure to toxic oxygen species and this is expected 
10 to have a significant role in many pathogenic states. 

Methods for rendering amino acids, specifically 
methionines, resistant to oxidation are well known in the 
art. It is possible to chemically modify thiol ether 
groups with iodoacetic acid, for example, to form oxida- 
15 tion resistant sulphonium groups (Gundlach, H.G., et al . , 

(1959) J. Biol. Chem. 234:1754). A preferred method is 
by removing the susceptible amino acid or replacing it 
with one or more different amino acids that will not 
react with oxidants. The amino acids leucine, alanine, 
and glutamine would be particularly preferred amino acids 
because of their size and neutral character. Four 
methionines of soluble thrombomodulin may be subject to 
oxidation, particularly those located at residues 291 and 
3 88. If only one methionine is to be blocked or 
25 . eliminated, it is preferred that it be the residue at 
position 388 . 

Methods by which amino acids can be removed or 
replaced in the sequence of a protein are well known. 
See, e.g.., Sambrook et al., supra : Ausubel et al., supra : 
30 U.S. 4,737,462; U.S. 4,588,585; EP-0285 123; and 

. references cited therein. Genes that encode a peptide 
. with, an altered amino acid sequence can be made 
synthetically, for example. A preferred method is the 
use of site-directed in vitro mutagenesis. Site-directed 
35 mutagenesis involves the use of a synthetic oligodeoxy- 

ribonucleotide containing a desired nucleotide substitu- 
tion, insertion, or deletion designed to specifically 
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alter the nucleotide sequence of a single-strand target 
DNA. Hybridization of this oligonucleotide, also called 
a primer, to the single- strand template and subsequent 
primer extension produces a heteroduplex DNA which, when 
replicated in a transformed cell, will encode a protein 
sequence with the desired mutation. 

To determine the resistance to loss of 
thrombomodulin activity due to oxidation, the test 
material (100 - 250 ng/mL) is first incubated with an 
oxidant such as, for example, chloramine-T, hydrogen 
peroxide at 5-10mM chloramine-T, or 200-1000 mM hydrogen 
peroxide in a buffer of 0.2% N-ethylmorpholine and 0.008% 
Tween 80 at pH 7.0, for 20 minutes at room temperature. 
A buffer of PBS with 0.1% BSA may also be used. After 
15 such oxidant exposure, the test material is evaluated 

using one of the bioactivity assays, e.g., that described 
below specifically for the ability to act as a cofactor 
for the activation of protein C. Those mutant TM analogs 
that retain at least 60%, ordinarily 70%, more normally 
20 80%, and preferably 90%, of activity they had prior to 

exposure to oxidants are considered to be oxidation 
resistant as compared to a wild-type (non-mutant) TM 
analog or native thrombomodulin. 

H. laboratory Assays for Measur i ng TM fesfciyifey, 
55 A number of laboratory assays for measuring TM 

activity are available. Protein C cofactor activity can 
be measured in the assay described by Salem, et al., 
(1984) J T piol. Chem. 259 (19) : 12246-12251 and Galvin, et 
al., (1987) J, piol. Chem. 262 (5) .-2199-2205. In brief , 
30 this assay consists of two steps. The first is the 

incubation of the test TM analog with thrombin and 
protein C under defined conditions (see Examples below) . 
In the second step, the thrombin is inactivated with 
hirudin or antithrombin III and heparin, and the activity 
35 of the newly activated protein C is determined by the use 

of a chromogenic substrate, whereby the chromophore is 
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released by the proteolytic activity of activated protein 
C. This assay is carried out with purified reagents. 

Alternatively the effect of a TM analog can be 
measured using plasma in clotting time assays such as the 
5 activated partial thromboplastin time (APTT), thrombin 

clotting time (TCT) and/or prothrombin time (PT) . The 
APTT assay is dependent on both the activating of protein 
C, as well as the direct inhibition of thrombin, while 
the TCT and PT assays are dependent only on the 
inhibition of thrombin. Prolongation of the clotting 
time in any one of these assays demonstrates that the 
molecule can inhibit coagulation in plasma. 

The above assays are used to identify soluble TM 
analogs that are able to bind thrombin and to activate 
protein C in both purified systems and in a plasma 
milieu. Further assays are then used to evaluate other 
activities of native thrombomodulin such as inhibition of 
thrombin catalyzed formation of fibrin from fibrinogen 
(Jakubowski, et al . , (1986) J. Biol . Chem. 
261 (8) :3876-3882) , inhibition of thrombin activation of 
Factor V (Esmon, et al . , (1982) J. Biol. Chem. 
257:7944-7947), accelerated inhibition of thrombin by 
antithrombin III and heparin cof actor II (Esmon/ et al . , 
(1983) J. Biol. Chem. 258 zi o/>ao\ inhibition of 

thrombin activation of Factor XIII (Polgar, et al . , 
(1987) Thromb. Haemostas. 58:140), inhibition of thrombin 
mediated inactivation of protein S (Thompson and Salem, 
(1986) J. Clin. Inv. 78(1):13-17) and inhibition of 
thrombin mediated platelet activation and aggregation 
(Esmon, et al., (1983) J. Biol. Chem. 258 :i223ft-i 394?) 

In the present invention, the TM analogs do not 
necessarily have all activities equal to that of native 
thrombomodulin. For example, if one compares an amount 
of a TM analog of the present invention with an 
equivalent amount of native chondroitin sulfonated 
membrane bound thrombomodulin (as measured in units of 
protein C cof actor activity, defined below) the TM analog 
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will usually have at least a 20% reduction, and 
preferably a 50% reduction in its ability to inhibit 
thrombin-mediated conversion of fibrinogen to fibrin 
compared to the native thrombomodulin. 

5 I . Methods for Altering the 

Glvcosy lation of TM Analng g 

Carbohydrate substituents on proteins can affect 
both biological activity and circulating half -life. In 
order to make some TM analogs of the present invention, 
10 O- linked glycosaminoglycan carbohydrate such as is found 

in the native thrombomodulin protein, should be elimi- 
nated. There are numerous ways of accomplishing this 
objective. One method would be the treatment of the 
O-linked carbohydrate containing protein with a. glyco- 
ls hydrolase known to specifically degrade sulfated glycos- 
aminoglycana, such as chondroitinase ABC or hyaluronic - 
dase. This method is described in Bourin, M. *et al . , 
(1988) J. Biol f Chem. 263 (17) : 8044-8052 , which is herein 
incorporated by reference. 
20 A second method for eliminating the O-linked carbo- 
hydrate is by introducing site directed mutations into 
the protein. The attachment of glycosaminoglycans is 
typically directed by a consensus recognition sequence of 
amino acids X-serine-glycine-X-glycine-X (Bourdon, m.A. , 
25 et al., (1987) Proc , Na tl . Acad , Sci , USA , 84:3194-3198) 
where X is any amino acid. The recognition sequence for 
other types of O-linked sugars is generally threonine/ 
serine-X-X-proline. The O-linked domain of natural 
thrombomodulin normally has at least one potential 
30 glycosaminoglycan addition site (aa 472 and/or 474) and 

four other potential O-linked carbohydrate addition sites 
(aa 464, 472, 474, 480 and 486), depending upon the cell 
type. Any change introduced into the nucleotide sequence 
that removes or changes the identity of any one or more 
35 ■ of th ® amino acids in this recognition sequence might 

eliminate the potential O-linked carbohydrate attachment 
site. Methods of introducing- site directed mutations 
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into a nucleotide sequence are described above . For 
example, one or more of these serine or threonine resi- 
dues may be modified to an unglycosylatable amino acid, 
e.g., alanine . 

5" A preferred method of eliminating O- linked carbohy- 

drate from a TM analog is by making an analog peptide 
that does not include the amino acids that are considered 
to be the Q- linked domain, i.e., amino acids 468 through 
485 of -the native thrombomodulin gene sequence as shown 

10 in Table 1. Methods of accomplishing this are well known 

in the art and have been described above. 

The circulating half-life of a protein can be al- 
tered by the amount and composition of. carbohydrate 
attached to it. The TM analogs of the. present invention 

15 contain both O-linked and N-linked carbohydrate. In ad- 

dition to the potential O-glycosylation sites discussed 
above there are potential N-linked sites, e.g., at. amino 
acids 29, 97, 98, 364, 391 and 393, and potential 
O-linked sites, e.g., at amino acids 319, 393 and 396. 

20 Methods of altering carbohydrate composition in addition 

to those described above are: 1) expression of the TM 
analog gene in bacteria such E. coli, which does not have 
the cellular mechanisms necessary to glycosylate mamm- 
alian proteins, 2). expression of the TM analog gene in 

25 various eukaryotic cells,, as each has its own character- 

istic enzymes that are responsible for the addition of 
characteristic sugar residues, and 3) treatment with 
chemicals such as hydrofluoric acid. Hydrofluoric acid, 
for example, chemically digests acidic and neutral sugars 

30 . while leaving intact sugars such as N-acetyl glucosamines 
. and, under certain conditions, galactosamines . 

J. Protease resistant analogs 

As noted above, when recombinant ly produced TM is 
expressed in culture, especially in eukaryotic cells, 
35 e.g., CHO cells., the TMs contain substantial amounts of a 

two-chain version. This is detectable, e.g., by a 
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binding property profile which indicates that there is a 
species with a different binding constant present, due to 
cleavage of the heterologous protein by an endopeptidase 
present under culturing conditions or during the purific- 
5 ation process. This endopeptidase may be a constituent 
of, e.g., the host cell, a microbiological contaminant, 
the culture medium, etc. Analysis on SDS-PAGE under 
reducing conditions reveals that, when TM analogs are 
prepared in CHO cells and isolated from the conditioned 
10 media as disclosed herein, a protein band corresponding 

to a molecular weight of about 80 kD is present in addi- 
tion to the 94 kD protein band which corresponds to 
single-chain soluble TM analog, as determined using rab- 
bit polyclonal antibodies to insect cell 6EGF, e.g., 
15 TM E (Sf9), or stained gels. However, the same material 

expressed in CHL-1 cells apparently has less of this 
degraded material. This indicates that the extent of 
proteolytic activity may be cell-line dependent. 

A unique protease cleavage site in the human thronf- 
20 bomodulin extracellular domain has now been identified in 

various human analogs. In addition to the expected het- 
erogeneity in the N-terminus (both PPAPAEP and APAEP 
N-termini are found) caused by signal sequence cleavage 
heterogeneity. These analogs contain a new sequence 
25 _IGTD_D__K, which is consistent with proteolysis of 

single-chain TM between Arg 4SS and His 457 . The amount of 
protein present in this cleaved form is as high as 50% of 
the TM chains. 

This proteolytic cleavage site is formed in the last 
-30 (c) loop of the sixth EGF domain, and thus the protein 

fragment is covalently held together by the last disul- 
fide bond in the loop. This is further supported by the 
fact that the two bands are only seen on reducing gels. 
The 80 kDa band is the N-terminal fragment, based upon 
35 size and immunoreactivity . Therefore, TM analogs ex- 

pressed in CHO cells, as well as in other cell lines 
which possess similar proteases that degrade the TM 
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analog, are contaminated with cleaved two-chain material 
that exhibits similar molecular properties, e.g., molecu- 
lar weight and amino acid sequence when assayed under the 
same conditions. Therefore, purification properties will 

.5 often be similar, even though the TM analog is cleaved 

into a two-chain version, which is held together by di- 
sulfide bond(s) . 

As was noted/ this cleavage site occurs in the c loop 
of the 6EGF -domain of TM. Deletion of this loop in vari- 

10 ous constructs was shown to result in substantial loss in 

thrombin binding, evidenced by a large (_ 7-fold) increase 
in K d for thrombomodulin. Therefore, the contaminating * 
two-chain material likely results in a similar loss of 
specific activity of such preparations. Furthermore, 

15 since other binding sites on the molecule are intact, the 

two-chain material should act as a competitive inhibitor 
of the single-chain TM analog. It is very difficult to 
separate two-chain material from the intact one-chain 
species, sb.it is important to produce highly homogene- : 

20 ous, intact single-chain TM which is not subject to pro- 

teolytic cleavage. This result has been accomplished 

• through the construction of TM analogs, as disclosed 
herein, which remove and/or replace proteolytic cleavage 
sites and thus solve this heretofore unappreciated prob- 

25 lem. The present invention allows for . providing both 

full-length membrane- associated or soluble TM analogs 
which are resistant to cleavage by said protease (s) . 

Mutations can be routinely introduced into the TM 

* analogs to modify the protease cleavage site in accord-. 
30 ance with the procedures described herein. However, the 

c loop of 6EGF has been shown to be . important in thrombin 
binding, and it is important that the binding properties 
of this area be maintained in the analog produced. The 
biological activity of the thus-obtained molecule would 
35 be maintained, or- an increase in overall activity of a TM 

analog composition achieved, by preventing proteolysis. 
This will avoid loss of activity caused by change in the 
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structure of the initial domain thought to be important 
in binding TM to thrombin. For example, since in rab- 
bits, mice, and cows the 456-457 sequence of TM is Gly-Gln 
instead of Arg-His, as in the human TM, this modification 
5 is of particular interest. Other, similar, site specific 

mutations can be employed to routinely identify a modi- 
fied sequence which is not subject to proteolysis, yet 
maintains the desired level of biological activity. For 
example, by homology to other similar EGF-like proteins, 
10 it can be seen that this region of the molecule is most 

likely to be in a /5-sheet structure between reverse turns 
around Pro 4S0 /Asp 451 and Thr 460 /Asp 461 . By this analysis, espe- 
cially favorable substitutions would be those which incor- 
porate amino acids found in high frequency in /S-sheet 
15 structures, e.g., His, Val, He, Phe, Tyr, Trp, and Thr. 

Other favorable substitutions would be thos'e which incor- 
porate amino acids less likely to be found in 0-sheet 
structures, e.g., Cys, Glu, Lys, Asp, Asn, and Pro. Cer- 
tain other residues include, e.g., Cys, to prevent incor- 
rect disulfide bonding with the other, structurally im- 
portant, cysteines; Pro, which is less consistent with a 
0-sheet structure; and Lys and Arg, which may incorporate 
alternative, protease cleavage sites. Thus, one of ordi- 
nary skill in the art can easily and routinely determine 
25 the structure of TM analogs which will be resistant to pro- 

tease cleavage, at this site or any other protease cleav- 
age site. All such structures meeting the requirements 
described herein are included as part of this invention. 
Of course, this modification can be employed in 
30 addition to one or more of the other modifications dis- 

closed herein, e.g., for introducing oxidation resis- 
tance, increasing half -life of the analog in serum by 
removing glycosylation sites, homogeneous amino termini, 
homogeneous carboxy termini, etc., to provide a molecule 
35 having improved characteristics at several sites. 

In addition to the previously described modifica- 
tions, single-chain TM can be provided by removal of two- 
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chain TM from preparations which contain it by routine 
protein purification methods. 

K. Production of thrombomodulin analogs 
having a unique N-terminus 

5 In addition to the above problem of preventing the 

production of TM polypeptide compositions exhibiting more 
• than one N-terminus due to internal endoproteolytic cleav- 
age, native thrombomodulin has an additional inherent 
heterogeneity at the normal N-terminus due to imprecise 

10 processing of the signal sequence. One characteristic of 

purity used in the definition of protein purity, e.g., in 
particular for regulatory approval for in vivo adminis- 
tration, is the. detection of a single unique N-terminal 
sequence, ..It is commercially and otherwise advantageous 

15 to be able to produce a TM polypeptide composition having 

a unique N-terminal processing site, so as to avoid any 
potential ambiguity regarding the nature of the final 
product. Therefore, the nucleotide sequence encoding the 
N-terminal region of the polypeptide can be modified such 

20 that the processing enzyme (s) of the host cell will gener- 

ate a single N-terminus of the mature polypeptide. This 
can be accomplished, e.g., by deleting the N-terminal 
three amino acids which constitute one of the processing 
sites, which results in a fully functional polypeptide 

25 that starts at amino acid 4 (Glu) of the native TM. This 

further provides a polypeptide having only a single and 
unique post -processing N-terminus. Other functional con- 
structs can also be prepared routinely, having other 
single N- termini, either through further deletion of the 

3 0 native TM N-terminus or through substitution of alterna- 

tive homogeneous N-terminal processing sites. 

L. Production of thrombomodulin analogs 
having a unique C-terminus 

A still further modification which can be made in 
35 accordance with the goals of this invention is to modify 

the TM analog composition so it exhibits a unique carboxy 
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. terminus. Providing single-chain material ensures elimi- 
nation of at least one C-terminus in accordance with the 
• procedures disclosed herein. One particularly advanta- 
geous construct provides a TM analog which is resistant 
5 to proteases or other factors, e.g., post-translational 

processing enzymes or C- terminal exoproteases , by pro- 
viding a C-terrainus which is resistant to degradation. 
These analogs are provided by modifying the DNA coding 
for the C-terminal amino acids of the polypeptide. For 
example, as disclosed herein, the C-terminus of the 
functional analog ending at amino acid 497 of native TM 
.can conveniently be shortened by 7 amino acids to provide 
. a C-terminus ending in a -Pro-Pro sequence which is 
particularly protease-resistant . Other amino acid 
15 deletions and substitutions which provide biologically 

active TM analogs can be prepared in accordance with 
routine modifications of the methods known in the art and 
as described herein. 
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M. Formulation and Use of Thrombomodulin Analocra 

The soluble TM analogs described herein may be 
prepared in a lyophilized or liquid formulation. The 
material is to be provided in a concentration suitable 
for pharmaceutical use as either an injectable or 
. intravenous preparation. ■ 
25 These compounds can be administered alone or as 

mixtures with other physiologically acceptable active 
materials, such as antibiotics, other anticoagulants, 
one -chain t-PA, or inactive materials, or with suitable 
carriers such as, for example, water or normal saline. 
30 The analogs can be administered parenterally, for 

example, by injection. Injection can be subcutaneous, 
intravenous or intramuscular. These compounds are 
administered in pharmaceutically effective amounts and 
often as pharmaceutically acceptable salts, such as acid 
35. addition salts. Such salts can include, e.g., hydro- 
chloride, hydrobromide , phosphate, sulphate, acetate, 
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benzoate, malate, citrate, glycine, glutamate, and 
aspartate, among others. See, e.g. , Remington's 
Pharmaceutical Sciences (17th ed.), Mack Publishing 
Company, Easton, Pennsylvania, and Goodman & Gilman's, 
5 The Pharmacolog ical Basis of Therapeutine eth ed. , 

Pergamon Press, 1985, both of which are herein incorpor- 
ated by reference. The analogs described herein may 
display enhanced in vivo activity by incorporation into 
micelles and/or phospholipid aggregates. Methods for 
incorporation into ionic detergent aggregates or phospho- 
lipid micelles are known. 

An antithrombotic agent can be prepared using the 
soluble TM analogs described herein and can consist of a 
completely purified analog alone or in combination with a 
15 thrombolytic agent as described above. Compounds of the 

present invention which are shown to have the above 
recited physiological effects can find use in numerous ' 
therapeutic applications such as, for example, the inhi- 
bition of blood clot formation. Thus, these compounds 
can find use as therapeutic agents in the treatment of 
various circulatory disorders, such as, for example, 
coronary or pulmonary embolism, strokes, as well, as the 
prevention of reocclusion following thrombolytic therapy, 
and these compounds have utility in the cessation of 
further enlargement of a clot during an infarction inci- 
dent. Further, the compounds disclosed can be useful for 
treatment of systemic coagulation disorders such as dis- 
seminated intravascular coagulation (DIC) , which is often 
associated with septicemia, certain cancers and toxemia 
30 of pregnancy. 

These compounds can be administered to mammals for 
veterinary use, such as with domestic animals, and for 
clinical use in humans in a manner similar to other ther- 
apeutic agents, that is, in a physiologically acceptable 
35 carrier. In general, the administration dosage for the 

TM analog will range from about at least 0.0002, more 
usually 0.02, and less than 5000, usually less than 2000, 
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more usually less than 500 /xg/kg, usually 0.02 to 2000 
Mg/kg and more usually 0.02 to 500 /ig/kg of the host body 
weight. These dosages can be administered by constant 
infusion over an extended period of time, until a desired 
5 circulating level has been attained, or preferably as a 

bolus injection. Optimal dosages for a particular 
patient can routinely be determined by one of ordinary 
skill in the art. 
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Without further elaboration, it is believed that one 
skilled in the art can, using the 'preceding description, 
utilize the present invention to its fullest extent. The 
following preferred specific embodiments are, therefore, 
to be construed as merely illustrative and not limitative 
of the remainder of the disclosure in any way whatsoever. 
XS Xn the. foregoing and in the following examples, all 

temperatures are set forth uncorrected in degrees Cel- 
sius; and, unless otherwise indicated, all parts and 
percentages are by weight. 

The entire disclosures of all applications, patents, 
and publications, cited above and below, are hereby 
incorporated by reference. 
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EXAMPLES 

The first four examples which follow are directed 
primarily toward TM^SfS) . Similar methods are applicable 
with routine modifications to the TM^o made in mammalian 
.5 cells, as described in the later examples. 

Example 1 : Isolation and expression 
of TM analog sequences 

A. Cloning 

Genes for producing recombinant thrombomodulin 

10 analog peptides were isolated as described in copending 

applications U.S. Serial No. 345,372, filed 28 April 
1989, U.S. Serial No. 406,941, filed 13 September 1989, 
' and PCT Serial No. 90/00955, filed 16 February 1990, each 
herein incorporated by reference. Briefly, human DNA was 

15 used to isolate a gene encoding the 6 EGF-like domains of 

thrombomodulin corresponding to amino acids 227-462 as 
well as other portions of the thrombomodulin peptide. 
(See Table 1) . This DNA was isolated from fetal liver 
according to the method of Blin, N and DW Stafford, 

20 (1976) Nucleic Acids Res. 3:2302. The DNA was then used 

as a template in a polymerase chain reaction with 
synthetically derived primers selected to embrace the 
desired regions (See Tables 3 & 4) . See, e.g., Innis et 
al., PCR Protocol, A Guide to Methods and Applications 

25 (1990) , Academic Press. 

1- . Isolation of genes encoding amino acids 227-462 

The. following steps provide a means to obtain a DNA 
insert encoding amino acids (aa) 227-462 and uses primers 
#1033 and #1034 (See Table 3) . It is understood that by 
30 modifying the procedures set forth below by using 

alternative primers, other soluble TM analogs can be 
obtained. 

The sequence of the #1033 and #1034 primers 
correspond to the 5' and 3' ends of the desired domain, 
35 but they have been modified so that they contain a BamHI 
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site. A termination codon (TGA) was introduced following 
base 1586. The polymerase chain reaction was run under 
the conditions described by Saiki, et al . , (1988) Science 
320:1350-1354, except that the initial temperature of 
5 annealing was 37° C. After 10 cycles, the annealing 

temperature was raised to 45° C for the remaining 3 0 
cycles. An aliquot of the reaction products was 
separated on a 5% polyacrylamide gel and visualized by 
ethidium bromide staining. A band of the predicted size 
10 (700 bp) could clearly be seen. Alternatively one can 

sequence this band or hybridize it to an internal probe 
to confirm its identity. 

2. Isolation of genes encoding other 
regions of throm bomodulin 

I 5 The polymerase chain reaction as herein described 

was used in. the same mannt to isolate additional 
fragments of thrombomodulin corresponding to the regions 
listed in Table 4. In particular, these regions enibrace 
one or more of the EGF-like domains and the O- linked 

20 glycosylation domain. The sequences of the primers 

selected to produce the desired regions are shown in 
Table 3 . 



3 . Cloning plasmids containing 

the thr ombomodulin analog genes 

The remainder of the polymerase chain reaction 
mixture described above (i) was restricted with BamHI, 
separated on a 5% polyacrylamide gel, and the 700 bp band 
was excised and eluted. It was ligated to pUC19 that had 
been restricted with BamHI and the new plasmid was 
transformed into E. coll strain DH5 -alpha. Recombinant 
colonies were selected on a medium containing ampicillin 
and 5-bromo-4-chloro-3-indolyl-£-D-galactoside. * White 
colonies were picked onto a grid and hybridized by the 
Grunstein-Hogness technique with a synthetically derived 
gene corresponding to aa 283-352 of thrombomodulin that 
had been cut out of a cloning plasmid (pTM2.1) with EcoRI 
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and Hindu! before labelling with 32 P by random priming 
(Boehringer Mannheim) . 

After exposing the filters to X-ray film the one 
colony that hybridized to the pTM2 . 1 probe was selected 
5 arid a culture grown up. DNA was extracted and analyzed 

by restriction with either BamHI or Bglll to confirm the 
presence of an insert with the correct restriction map. 
The excised insert was also transferred to nitrocellulose 
and analyzed by hybridization with labelled pTM2 . 1 . Both 

10 methods confirmed that the 700 bp insert contained the 

coding sequence for the 6 EGF-like domains of thrombo- 
modulin. The insert was sequenced to verify that no 
mutations had been inadvertently introduced during the 
PCR procedure. The plasmid containing the desired gene 

15 fragment is named pUC19pcrTM7. 

B. Expression of TM 

1. Construction of AcNPV Transfer Vectors 

The transfer vectors described below are also 
described in copending application U.S. Serial No. 
20 07/812,892, which is a continuation of U.S. Serial No. 

07/345,372. The transfer vectors contain the Hypodermin 
. A signal sequence from Hypodejcma lineatum. 

i. ■ PHY1 and PSC716 

Oligomers containing the Hypodermin A signal 
25 sequence, a translation initiation codon, a Bglll cloning 

site, a BamHI 5' overhang and a Kpnl 3' overhang, 
COD#1198 and COD#1199 (see Table 2), were annealed and 
cloned into pSC654, a pUC19 derivative, creating pHYl. 
•Plasmid pHYl was restricted with BamHI and EcoRI, 
30 releasing the hypodermin A signal sequence. This 

sequence was then ligated to pSC714 to create the vector 
pSC716. Plasmid pSC714 is a derivative of pVL1393, 
obtained from Summers, et al . * The only difference 
between the two is that in pSC714, one of the Bglll sites 
35 ha;s been destroyed. 
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ii . Construction of pHYlQl 

The BamHI fragment from pUC19pcrTM7 (see Aiii above) 
was cloned into the Bglll site of pHYl and the 
orientation was chosen such that the hypodermin A signal 
5 sequence was adjacent to amino acid 227. This plasmid is 

pHYlOl . 

iii. Construction of the AcNPV 
transfer vector- pTtmrim 

Plasmid pHYlOl was treated with BamHI /EcoRI which 
10 releases the Hypodermin A signal sequence linked to the 

TM analog coding sequence. Shuttle vector pVL1393 
contains a partially deleted AcNPV polyhedrin gene and 
unique BamHI and EcoRI cloning sites. The BamHI /EcoRI 
fragment from pHYlOl was inserted downstream of the 
IS polyhedrin promoter, thus creating a plasmid, pTMHYlOl, 

in which the hybrid gene was under the control of the 
polyhedrin promoter. 

iv - Construction of other ArwP V transfer venf.ryr« 

Transfer plasmids containing other TM analog gene 
20 sequences were constructed using a strategy similar to 

that outlined above. Fragments from the cloning plasmids 
described above were cloned into pSC7l6 in frame so that 
the TM analog gene sequence was fused to the hypodermin A 
signal sequence. The TM gene sequences are listed in 
25 Table 4. 

v. Production of p ure phaoe stocks 

Cell transfection was done using a calcium phosphate 
precipitation technique modified for insect cells 
according to Summers and Smith. Briefly, a T25 flask was 
seeded with 2x10 s Sf9 cells, and the cells were allowed to 
attach for one hour at room temperature. Two uga of 
transfer vector, for example, pTHR28, and 1 fig of AcNPV 
DNA were coprecipitated in calcium phosphate and 
incubated with the cells for 4 hours. The cells were 
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rinsed and re-fed with growth media, , then placed in a 28° 
C incubator for 3-4 days. During this incubation, the . 
. cells produce both recombinant and non- recombinant virus 
which accumulate in the growth media. This media, 
5 containing a mixed viral stock,, was assayed for the 

presence of protein C cof actor activity (see below) . 

Recombinant viruses were detected by plaque assay. 
The transfection stocks were diluted llO' 4 , 1CT 5 , and 10 t6 ) 
and plated 4-7 days post -transfection. Occlusion 
.10 negative (recombinant) plaques were picked 7 days after 

plating and replated (lO* 1 , 10* 2 , and 10° dilution) . After 
another 7 days, the plates showed 100% pure occlusion- 
negative recombinant plaques . A single pf u from each was 
selected for production. A high titer viral stock was 
15 grown by infecting 5 mis of Sf9 cells (lxl0 6 /ml in Excel 1 

400 medium (JR Scientific) ) with a single pfu, grown for 
4-5 days. A portion of this stock was then diluted 1:50 
- 1:100 into Sf9 cells grown to mid- log phase to produce 
a protein stock. * 

Production of Human TM Analogs 
in Mammalian Cells 

Mammalian expression vecto rs for TM analogs 

This example provides a mammalian expression vector 
comprising the analog genes of Example 1, A, Genes can 

25 be operably linked to the signal sequence of human tissue 

plasminogen activator (see Table 2). The expression 
plasmid, pPA124, contains a promoter contained within the 
three copies of the long terminal repeats derived from 
Harvey Sarcoma virus for the expression of cloned genes . 

30 This plasmid was derived from pPA119, and pSC672, both 

described in detail in co-pending U.S. Serial No. 
251,159,. filed September 29, 1988, incorporated herein by 
reference. A Bglll - Bell fragment containing the SV40 
polyadenylation region. was isolated from pSC672. This 

35. fragment was cloned into pPA119 which had been digested 

with Bglll and Bell. In the resulting plasmid, pPA124, 
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both the Bglll and Bell sites remained intact. Plasmid 
pPA124 contains the t-PA signal sequence adjacent to an 
appropriate restriction site and this signal sequence 
also contains the second intron of the human t-PA gene. 
5 The gene encoding the soluble TM analog was removed 

from pUC19pcrTM7 by treatment with BamHI and ligated to 
PPA124 that had been treated with Bglll. Transf ormants 
were screened for the presence of the insert in the 
correct orientation, that is, in which the t-PA signal 

10 sequence was linked to the 5' end of the thrombomodulin 

insert encoding an open reading frame. This plasmid, 
pTMlOl, was then digested with Clal and ligated to a Clal 
fragment containing the dhfr gene under the control of 
the SV40 promoter. The Clal fragment is described in 

15 WO88/02411 at page 26. Transf ormants were screened for 

the presence of this dhfr cassette and then- the orienta- 
tion relative to the plasmid was determined by restric- 
tion mapping (pTM103) . 

Plasmid pTM103, containing the dhfr sequence in the 

20 divergent direction to the thrombomodulin sequence, was 

treated with Bell.' A DNA fragment encoding a gene 
providing hygromycin resistance on a BamHI fragment was 
ligated into the plasmid. Clones were selected, after 
transformation into E. coll strain DH5a, by their ability 

25 to grow on plates containing both ampicillin and 

hygromycin B. The orientation of the hygromycin B gene - 
relative to the plasmid was determined by restriction 
mapping. One plasmid, pTM108, in which the hygromycin B 
gene lies in the opposite orientation to the TM gene, was 

30 grown up in culture. This plasmid has the sequences 

encoding the TM analog under the control of the triple 
LTR promoter, with both a gene that confers hygromycin B 
resistance and one that encodes dhfr present on the 
plasmid. A similar expression plasmid, pTHR13, also 
35 contains the t-PA signal sequence operably linked to the 

sequence encoding the 6 EGF-like domains both under the 
control of the cytomegalovirus promoter. This plasmid 
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contains the M13 origin of replication making it useful 
for site directed in vi tro . mutagenesis , described below. 
. The thrombomodulin sequence was linked to the tissue 
plasminogen activator signal sequence,, ensuring its 
5 secretion. The TM analog produced by both these 

plasmids,. 4t/227-462, is comprised of the 6 EGF-like 
domains of thrombomodulin with an additional 4 amino 
acids on the N- terminal end that are the result of 
processing of the t-PA signal peptide. 

10 ii- Transfection, selection and amplification 

'of stable mammalian clo nes 

For the transfection, 10 /xg of pTM108 was mixed with 
Lipofectin reagent (Bethesda Research Laboratories) and 
added to a. monolayer of 10 s CHL-1 host cells in 6 -well 

15 plates. Forty-eight hours after transfection, a. known 

number of cells were plated onto selective media. Resis- 
tance to hygromycin B was used as the selection marker. 
CHL-1 cells transfected with the bacterial hygromycin B 
gene can survive growth. in 0.3 mg/ml hygromycin B. 

20 The transfection or selection frequency was 2/1 0 3 and 

was determined as the number of colonies arising after 
selection, divided by the total number of cells plated. 
The culture supernatant was shown to contain 1.5 U/ml TM 
activity after 24 hours in contact with the cells. 

25 A population of celis resistant to the first 

selection conditions were then subjected to a second 
round of selective pressure. Either 100 nM or 500 nM 
methotrexate (MTX) was added to the growth medium to 
. select for transf ectants that expressed the dhfr gene. 

30 Only clones which had amplified the dhfr gene would be 

able to grow in this high level of MTX . in the process 
of gene amplification, other plasmid sequences will be 
co-amplified with the dhfr gene and thus lead to 
increased gene expression of the non- selectable gene as .- 

35 well. . Resistant clones were apparent after 5 to 6 weeks . 

Individual clones resistant to these levels of MTX were 
isolated and assayed. A culture after selection in 100 
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nM MTX was shown to produce 4.9-14.7 U per ml of protein 
C activating activity (see below) . a pooled population 
was plated into a ten- fold greater concentration of MTX 
(1 fiM or 5 nM) . Clones were again recovered from this 
S selection step and assayed. At each step clones were 

shown to produce and secrete TM analog into the culture 
medium. 

C. Site-directed Mutagenesis 

The S EGF-like domains region of native thrombo- 
10 modulin has two methionine residues, one at position 291 

and one at position 388. (See Table 1). Site-directed 
in vitro mutagenesis was used to convert either or both 
of these methionines to other amino acids. Site-directed 
mutagenesis uses a synthetic DNA sequence containing a 
15 desired nucleotide substitution, insertion, or deletion 

to specifically alter the nucleotide sequence of a 
single-stranded template DNA. Hybridization of this 
synthetic DNA to the template and subsequent primer 
extension produces a heteroduplex DNA capable of cell 
20 transformation to yield the desired mutation. A diagram 

depicting this process is shown in Figure 1-of U.S. 
Patent Application Serial No. 07/568,456. 

A similar method can be used to eliminate potential 
protease -sensitive regions, to modify glycosylation 
25 sites, and to modify the amino acid carboxy termini of 

the desired TM analog. 

A plasmid for making single stranded DNA copies, 
PTHR14, was constructed by ligating the Fl origin of 
replication contained on an Asel-Scal fragment into an 
30 insect cell transfer vector, pTMHYlOl, previously 

digested with Ndel and Seal. Plasmid pTMHYlOl contains a 
gene sequence that produces a peptide corresponding to 
the 6 EGF-like domains of thrombomodulin, amino acids 
227-462, and is described above. pTMHYlOl is described 
35 in copending application U.S. Serial No. 345,372 as well 

as B(l) (iii) above. A similar vector containing the 
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lectin domains, 6 EGF, and O-linked domains was used for 
mutagenizing and constructing the pTHR525, which encodes 
one preferred embodiment . 

Specific mutagenizing oligonucleotide primers were 
5 . synthesized and used with the MUTATOR™ - DNA Polymerase 
III Site-directed Mutagenesis Kit (Catalogue #200500, 
Stratagene, La Jolla, CA) , except as otherwise noted, to 
prime second strand synthesis and create thrombomodulin 
analog genes with either one. or both of the methionines 

10 changed to a non-oxidizable amino acid. Primers direct- 

ing conversion to the preferred amino acids leucine, 
glutamine or alanine are shown in Table 5. Also included 
in these primers are substitutions in the nucleotide 
sequence that add a unique restriction enzyme site useful 

15 as a diagnostic for successful mutagenesis but which do 

not necessarily change the corresponding amino acid 
sequence. The nucleotide substitutions are underlined in 
the primers shown in Table 5. For example, in plasmid 
pTHR28 the methionine at position 388 in the native 

2 0 thrombomodulin protein was replaced with leucine, and in 

the process . a unique PvuII site was introduced. It is 
understood, that other substitute non-oxidizable amino 
acids would be equally useful in this embodiment of the 
present invention. 

25 Purified single-stranded DNA templates were prepared 

using the procedure described by Bio-Rad (Muta-Gene 
Phagemid In vitro Mutagenesis, Instruction Manual, Cat. 
no. 170-3576, pages 33-34) although other procedures 
known in the art would be equally suitable. 

30 The 5' terminus of each mutagenizing primer was . 

phosphorylated by incubating 0.5 ng//xl of printer in a 
solution containing 2 mM rATP, 0.4 U/jil . polynucleotide 
kinase in annealing buffer (20 mM Tris-HCl pH 7.5, 8 mM 
MgCl 2 , and 40 mM NaCl) at 37° C for 30 minutes. The 

35 reaction was heat inactivated by incubating the mixture. 

at 65° C for 15 minutes. Phosphorylation increases the 
rate of successful mutation. The phosphorylated primer 
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was annealed to the single -stranded template by heating 
100 ng of template and 2.5 ng of primer in 25 fil of 
annealing buffer to 65° C for 5 minutes then allowing the 
mixture to cool and anneal at room temperature for 10 
5 minutes. Double stranded DNA was made by primer 

extension essentially as described by Tsurushit, N. , et 
al., (1988) Gene 62:135-139, and O'Donnell, M.E., et al . , 
(1985) J. Biol. Chem. 260:12875-12883. Briefly, the 
template/primer mixture was diluted (1:1) with 10% 
10 annealing buffer plus 80 fig/ml bovine serum albumin, 2.5 

mM dithiothreitol, 0.25 mM mixed dNTPs, 2 mM rATP and 1% 
glycerol plus 1 fig of single -stranded DNA binding 
protein. The reaction was incubated for 5 minutes at 
room temperature to allow the binding protein to coat the 
X5 single-strand DNA template. DNA polymerase III holoen- 

zyme (E. coli, 1.7 pi of 50 U solution) was added, and 
the reaction was incubated at 30° C for 10 minutes. T4 
DNA ligase was added (0.5 fil, 2 Weiss units) and the 
reaction was further incubated for 5 minutes at 3 0° C. 
20 This mixture was used to transform E. coli and properly 

mutated clones were selected by restriction digest 
pattern. 

This same process can be used to make mutants that 
can be expressed in mammalian cells using, for example, 
25 pTR13 (described above) which has an M13 origin of 

replication for making single stranded DNA templates. 

D. Production and purification 
of recombinant protein 

T25 flasks were seeded at a density of 2xl0 6 Sf 9 
30 cells in 5 ml TMN-FH media plus 10% FBS or Excell 400, 

then infected with an isolated recombinant plaque from 
Part B or C above. Viral stocks were collected after 
three days. Flasks (30-100 ml shaker flasks or 100-300 
ml spinner flasks) were seeded with cells (l-l . 8xl0 6 /ml) 
35 and infected with aliquots of the viral stock equal to 

l/50th to l/100th of the final volume. The infected cell 
cultures were grown for four days before harvesting the 
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conditioned media containing recombinant oxidation 
resistant TM analog protein. 

The TM analogs were purified from conditioned media 
by. removal of cell debris, followed by five chromato- 
5 graphy steps: 1) Q Sepharose, 2) thrombin affinity, 3) 

gel filtration, 4) anion exchange, and 5) a second gel 
filtration step. The gel filtration steps effect an 
exchange of buffers. All chromatography steps were 
performed at 4° C. 

10 . 1. Materials 

Some of the chromatographic resins were purchased 
from commercial sources. Q Sepharose and Sephadex G25 
were purchased from Sigma (St. Louis, MO), and Mono Q 
5/5® from Pharmacia LKB (Piscataway, NJ) . 

15 DFP-thrbmbin agarose was prepared approximately as 

follows: 360 mg of bovine thrombin in 100 ml of *20 mM Na 
phosphate, pH 7.5 was added to approximately 10 0 ml of a 
50% Affigel 10 resin slurry and mixed overnight at 4°c. 
The. Affigel 10 was prepared for use as described by the 

20 manufacturer and equilibrated with the load buffer. 

Residual active esters were blocked. by the addition of 
100 ml of 0.1 M glycine methylester (pH 5.6) for one hour 
at 4°C. The gel was then equilibrated with 30 mM Tris- 
HC1, 2 M NaCl, pH 7.5, and 20 pi. of DPP was added to give 

25 a final concentration of about 1 mM DFP. After 16 hrs of 

mixing at 4°C an additional 6 fxl of DPP was added and 
mixing continued for 4 additional hours. The resin was 
then washed with 20 mM Tris-HCl, 2 M NaCl pH 7 . 5 and 
stored at 4°C. 

30 Thrombin activity was measured using the Kabi S-2238 

substrate and indicated that >86% of the thrombin was 
removed from the solution, and presumably coupled to the 
resin, giving a final concentration of about 6 mg of 
thrombin per ml of resin. The enzymatic activity of the. 

35 DFP treated resin was <1% of the starting activity. 
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2 - Product ion of pure TM r analog pep t-ir^ 

Conditioned media was harvested and clarified by 
centrifugation at 1400 x g for 10 minutes. The pH was 
adjusted from about 6.0 to about 5.2 with glacial acetic 
5 acid. The adjusted media was then loaded onto a column 

of Q Sepharose resin. The column had previously been 
equilibrated with about four column volumes of wash 
buffer 1 (117 mM Na acetate, 0.02% NaN, pH 5.0). After 
loading, the column was washed with wash buffer 1 
10 followed by wash buffer 2 (25 mM Na acetate, 0.1 M NaCl 

pH 5.0) then the oxidation resistant TM analog was eluted 
with wash buffer 2 containing 0.3 M NaCl, pH 5.0. 

Column fractions containing activity as measured in 
the protein C activation assay (see above) were pooled, 
15 then diluted with of 0.3 M NaCl, 20 mM Tris-HCl, 0.5 mM 

CaCl 2 , 0.02% NaN 3 , pH 7.5. The pH of the diluent was 
measured and adjusted to about 7.5 with NaOH. The ionic 
strength of the pool was about the ionic strength of a 
solution of 0.3 M NaCl. This adjusted pool was loaded * 
20 overnight by gravity onto a thrombin agarose column pre- 

equilibrated with the same buffer used to dilute the 
conditioned media. The column was washed with diluent 
buffer, and the TM analog was removed from the matrix 
with 2.0 M NaCl, 20 mM Tris HC1, 1 mM NaEDTA, 0.02% NaN 3 , 
25 pH 7.5. 

The substantially pure TM analog was applied to a 
Sephadex G25 column and recovered in 0.2% N-ethylmorpho- 
line acetate (NEM) pH 7.0. This step removes NaCl. 

™ analog collected from the Sephadex G25 column was 

30 applied to a Mono Q column (Pharmacia, 10 micron 

particles, quaternary amine) pre-eguilibrated with 0.2% 
N-ethylmorpholine (NEM) pH 7.0. After washing with this 
buffer the various forms were separated using a gradient 
of 0 to 0.4 M NaCl. Samples of each fraction were evalu- 

35 ated on an SDS-PAGE gel under non- reducing conditions. 

SDS Polyacrylamide Gel Electrophoresis was performed by 
the method of Laemmli using 3.3% acrylamide in the 
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stacking, and 12.5% acrylamide in the running gel. 
Nonreduced samples were diluted in Laemmli sample 
solubilization buffer (50 mM Tris-HCl, pH 6.8, 25% 
glycerol, 2% SDS, and 0.01% bromophenol blue) and loaded 
5 directly onto the gel. Pharmacia LMW Calibration Kit 

protein standards were used for MW markers, and the gels 
were silver stained. In some fractions, only one major 
band is visible with silver staining. 

Fractions containing peptides with like mobilities 
were. pooled and then assayed for total protein content 
and for activity in the protein C activation assay as 
described below. 

E. Assays for Thrombomodulin Analogs 
Materials 

15 Rabbit thrombomodulin, hirudin and human Protein C 

were obtained from Integrated Genetics or American 
Diagnostica. Human thrombin is available from a. variety 
of noncommercial and commercial sources. Bovine thrombin 
for affinity chromatography was purchased from Miles 

20 Labs, Dallas, Texas. D-valyl-L-leucyl-L-arginine^p- 

nitroanilide (S-2266) and D-Phe-Pip-Arg-p-nitroanilide 
(S-2238) were purchased from Kabi Vitrum. 

Bovine serum albumin (fraction V), citrated human 
plasnia, and APTT reagent were purchased from Sigma 

25 Chemicals. Microtiter plates were supplied by Dynatech 

(#25861-96). All other reagents were of the highest 
grade available. 

2. Methods and Results 

i- Protein C Activa tion Assay (Chromoaenic) 

30 This assay was performed by mixing 20 fil each of the 

following proteins in a microtiter plate: thrombomodulin 
sample (unknown or standard), thrombin (3 nM) , and 
Protein C (1.5 fiM) . The assay diluent for each protein 
was 20 mM Tris-HCl, 0.1 M NaCl , 2 . 5 mM CaCl 2 , 5 mg/ml BSA, 

35 pH 7.4. The wells were incubated for up to 2 hours at 
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37°C, after which Protein C activation was terminated by 
.the addition of 20 fil of hirudin (0.16 unit//xl, 570 nM) 
in assay diluent and incubation for an additional 10 
minutes. 

5 The amount of activated Protein C formed was 

detected by adding 100 fil of 1.0 mM S-2266 (in assay 
diluent) , and continuing to incubate the plate at 37°c. 
The absorbance at 405 nm in each well was read every 10 
seconds for 15 minutes, using a Molecular Devices plate 
10 reader. The absorbance data was stored, and the change 

in absorbance per minute (slope) in each well was 
calculated. The "change in absorbance per minute is 
proportional to pmole/ml of activated Protein C. 

This ratio was determined empirically using varying 
15 concentrations of totally activated Protein C. Samples 

containing fully activated Protein C were generated by 
mixing Protein C at 0 to 1.5 fiH with 60 nM rabbit TM and 
30 nM thrombin, incubating for 0 to 4 hours, adding 
hirudin and measuring S2266 activity as above. 
20 Conditions under which the Protein G was fully activated 

were defined as those in which the S2266 activity 
(A405/min) reached a plateau. 

A unit of activity is defined as 1 pmole of 
activated Protein C generated per ml/min under the 
25 reagent conditions defined above. Alternatively, 

activity values are reported in comparison to native 
.detergent solubilized rabbit thrombomodulin or another 
thrombomodulin standard. 

ii. Protein C Cof actor Activity 
30 After E xposure to Oxidanfc 

Chloramine-T (N-Chloro-p-toluenesulfonamide sodium 
salt, Sigma) was used to specifically test the resistance 
of the mutant TM analog peptides to oxidation. Transfec- 
tion culture supernatant (1 ml) containing a peptide 
35. encoded by a mutant TM gene sequence or pTMHYlOl (wild- 

type, aa 227-462) was desalted into 1.5 ml of 0.2% 
N-ethylmorpholine (NEM) , pH 7.0, 0.008% Tween 80 on a 
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NAP-10 column (LKB/Pharmacia) and then lyophilized and 
re suspended, in 100 /zl of the above buffer. The sample 
was divided equally and either 5 fil of water (control) of 
5 fil of 0.1 M chloramihe-T (final cone. =9.1 mM) was 
5 added... The samples were incubated at room temperature 

for 20 minutes, then passed over the NAP-5 column to 
remove any oxidant. The desalting buffer used was 
protein C assay diluent. The mutant peptide retained all 
of its activity after being exposed to chloramine-T 
10 whereas the wild type peptide was substantially 

inactivated. 

iii . Inhibition of the Activated Partial 
Thromboplastin T ime (APTT) 

The formation of a clot from cit rated plasma is 
15 triggered by the addition of brain cephalin in ellagic 

acid ( "APTT reagent" ) , and calcium ion. The time 
required for the clot to form is reproducible and 
increases proportionally with the addition of 
thrombomodulin. Reagents for the APTT are incubated at 
20 37°C before mixing, except for the citrated plasma, which 

is kept at 4°C. 

The reaction was carried out as follows: 100 jxl of 
Sigma Citrated Plasma was added to a. plastic cuvette 
(Sarstedt #67 . ?42) , incubated at 37°C for 1 min; 100 fil 
25 of Sigma APTT reagent was added and the mixture incubated 

for 2 min at 37°C; 100 /xl of test sample (or control 
buffer) and 100 fil of 25 mM CaCl 2 were added and the 
cuvette was immediately placed in a Hewlett-Packard 8451A 
spectrophotometer equipped with a Haake KT2 circulating 
water bath to keep the cuvette at 37°C during reading. 
..The absorbance due to light scattering at 320 nm was 
measured every 0.5 seconds, from 15 to 120 seconds, timed 
from the addition , of CaCl 2 . A plot of absorbance vs. time 
yields a sigmoidal curve, with the clotting time defined 
35 as the time at which the slope is the steepest, 

. corresponding to the inflection point of the curve. 
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Ex vivo APTT assays were performed in the manner 
described above with the exception that citrated plasma 
from the animal used in the in vivo experiment was used 
in place of the citrated plasma obtained commercially. 
5 Alternatively, an APC or TCT assay can be performed 

as described. 

iv. Inhibition of thrombin clotting time 
(TCT) and pr othrombin reaction (PT) 

Both the PT and TCT are determined using the 
10 HeWlett-Packard 8452A diode-array spectrophotometer or an 

equivalent used for the APTT. For the PT reaction, 90 /xl 
of either TM analog 6h/227-462 or PBS was added to 20 /xl 
thromboplastin and 90 /xl 25 mM CaCl 2 in a cuvette. The 
mixture was incuba-ed for- 1 minute at 37°C, then 100 /xl 
15 of citrated plasma was added. After loading the euvette 

into the spectrophotometer, the absorbance due to light 
scattering at 320 ran was measured every 0.5 seconds, from 
•15 to 120 seconds, timed from the addition of the plasma. 
A plot of absorbance vs. time yields a sigmoidal curve,. 
20 .with the clotting time defined as the time at which the 
slope is the steepest, corresponding to the inflection 
point of the curve. The TCT is evaluated in the same 
manner. The initial reaction mixture contains 100 /xl 
citrated plasma, 25 /xl Qf 100 mM CaCl 2 and 162.5 /xl of 
25- either PBS or TM analog. After 1 minute, 12.5 /xl of 

thrombin is added. The clotting time is measured as 
described above. 

v. Direct anticoagulant activity - Inhibition 
of thrombin catalyzed conversion of 
30 fibrinogen to fibr-in 

Thrombin and varying amounts of TM analog 6h/227-462 
were incubated for 2 minutes at 37 °C in microtiter plate 
wells. The total initial reaction volume was 50 /xl PBS 
plus 7.5 mM CaCl 2 , and 90 nM thrombin. After initial 
35 incubation, 100 /xl of 3.75 mg/ml human fibrinogen was 

added per well, and the thrombin induced formation of 
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fibrin was followed by measuring the change in absorbance 
at 405 nm in a Molecular Devices Vmax spectrophotometer 
(Molecular Devices, Menlo Park, CA) . The end-point of 
the assay was the time at which 50% of the final absorb- 
5 ance was reached. Residual thrombin activity was deter- 

. mined by reference to a thrombin standard curve, which 
linearly relates the reciprocal of the thrombin concen- 
tration to the clotting time. When amounts of detergent 
solubilized native rabbit thrombomodulin and TM analog 
10 6h/227-462 exhibiting equal activity as measured by pro- 

tein C cof actor activity are compared in the direct anti- 
coagulant activity assay, the TM analog exhibits a signi- 
ficantly reduced "ability to inhibit thrombin-mediated 
conversion of fibrinogen to fibrin (approximately 1/10) , 

15 . vi. Inhibition of platelet 

activation and aggregation 

The effects of TM analog 6h/227-462 on thrombin 
activation of platelets was tested by the methods of 
Esmon, et al . , (1983) J. Biol. Chem. 258:12238-12242. 
20 When evaluated using this assay, TM analog 6h/227-462 did 

not significantly inhibit the thrombin-mediated 
activation and aggregation of platelets. 

viii. Additional measures of TM 
antithrombotic a ctivity 

25 1). TM analog's inhibition of activation of Factor 

V by thrombin is measured by the method described by 
Esmon et al. , J. Biol . Chem. . (1982), 257:7944-7947. 

2) Inhibition of the TM analog thrombin complex by 
antithrombin III. and heparin cof actor II is measured as 

30 described by Jakubowski et al . (1986), supra . 

3) TM analog's inhibition of the ihactivation of 
-protein S by thrombin is measured by the method described 
by Thompson & Salem, J. Clin. Invest. (1986) 78(1) .-13-17. 

4) Inhibition of thrombin-mediated activation of 
35 Factor XIII is measured by the method of Polgar, et al., 

(1987) Thxomb. Haemostas. 58:140. 
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Example 2: In vivo Activity of a TM Analog in a Rodent 
Model of Deep Venous Thrombosis 

The ability of a TM analog to abrogate the formation 
of a thrombus was evaluated in a modified stasis/endothe- 
5 lial injury- induced venous thrombosis model in the rat 

(see Maggi, A. et al., (1987) Haemostasia 17:329-335 or 
Pescador, R. et al . , (1989) Thrombosis Resfiarrh 
53:197-201). The vena cava of an anaesthetized male 
Sprague Dawley rat (450 gr) was surgically isolated, then 
10 the animal was treated by bolus injection into the 

femoral artery with a thrombomodulin analog (6h/227-462 
which contains the 6 EGF-like domains of native thrombo- 
modulin) , standard heparin or normal saline (0.1 ml/rat) , 
as a control. The dose of heparin was 45 units/rat. The 
15 dose of thrombomodulin analog was 100 , 10, 1, 0.1 or 0.01 

fig/rat. Two minutes post-injection, the inferior vena 
cava was ligated at the left renal vein to induce stasis, 
and the vascular endothelium was injured by gently 
pinching with forceps. After 10 minutes, the vena cava 
20 was excised and examined for the presence of a thrombus, 

which if present was removed and weighed. In all cases 
the animals treated with heparin or thrombomodulin analog 
(6h/227-462) at 100, 10, or 1 /xg/rat showed no evidence 
of thrombus formation whereas the saline treated animals 
-25 and those receiving the lowest dose of thrombomodulin 

analog (0.01 fig) had thrombi with an average weight of 
14.9 mg/ thrombus. The rats treated with 0.1 fig of 
thrombomodulin analog showed a trace amount of thrombus 
which was not large enough to be removed and weighed. 
30 The dose range used in this study was selected based 

on an in vitro APTT assay in which 1 fig/ml of thrombomod- 
ulin analog was insufficient to prolong the APTT but the 
addition of 10 /zg/ml resulted in a significant prolonga- 
tion. The results of APTT assays done on plasma samples 
35 taken from each of the treated rats show no prolongation 

in the TM analog treated and control rats (100 fig TM ana- 
log =45 sec, all other doses TM analog and the saline 
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controls = .30-35 sec) . However, the APTT in the heparin 
treated rats was significantly prolonged (100 sec) . 

This experimental system is a directly comparable 
model for deep venous thrombosis in humans, which is 
5 characterized by vascular injury and reduced blood flow. 

The results described above demonstrate that very low 
doses of a TM analog that are able to act as a cofactor 
for thrombin-mediated activation of protein C yet have a 
substantially reduced ability to inhibit thrombin-. 

10 mediated conversion of fibrinogen to fibrin are effective 

at preventing thrombus formation. Moreover, the absence 
of prolongation in the APTT measured ex vivo indicates 
that this TM analog has no systemic effect on coagulation 
parameters and, therefore, would not promote unsafe 

15 bleeding side effects. 

Example 3 : In vivo Activity of a TM Analog in a Primate 
Model of Both Venous and Arterial Thrombosis 

The antithrombotic properties of the thrombomodulin 
analogs were evaluated in an arteriovenous shunt model in 
the baboon using a slight modification of the method of 
Cadroy, Y. et al . , (1989) Journal of Laboratory and 
Clinical Medicine 113:436-448, as described in Hanson 
S.R. and Harker, L.A. (1987) Thrombosis and Haemostasia 
58:801-805. This model was chosen because of the 
.25 hemostatic similarity between the baboon and man and 

because the arteriovenous shunt serves as a model for 
both arterial -type and venous -type thrombi. 

A silastic tubing shunt, modified with a. piece of 
dacron tubing (3.2 mm in diameter) followed by a teflon 
30 chamber (9.3 mm in diameter), was inserted into the 

femoral artery of the baboon such that blood flowed out 
of the artery through the shunt and returned to the 
baboon via the femoral vein (see Figure 2 of U.S. Patent 
Application Serial No. 07/568,456). The dacron tubing 
35 presents a thrombogenic. surf ace which stimulates the 

. . natural coagulation process, and in particular the 

deposition of platelets on the. graft surface, and serves 
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as a model for the generation of arterial, i.e. platelet 
rich, thrombi held together by fibrin. The chamber 
creates a stasis condition similar to that found in 
veins, where the rate of flow of the blood is reduced, 
5 and in particular mimics the area around venous valves, 

thus modeling flow conditions similar to those resulting 
in deep venous thrombosis. The thrombi formed in the 
chambers are venous- type, fibrin rich thrombi. Venous- 
type thrombi also contain platelets, but fewer than 
1.0 arterial-type thrombi. Thrombus formation in either the 

dacron graft or chamber is evaluated by measuring both 
platelet deposition and fibrin accretion. Platelet 
deposition is measured by removing platelets from the 
baboon, radiolabeling the platelets with xll indium-oxine 
15 using the method of Cadroy, Y, . et al., (1989) Journal of 

Clinical and Laboratory Medium* 113 (4) :436-448, and then 
returning them to the animal. A .scintillation camera, * 
such as a Picker DC 4/11 Dyna scintillation camera 
(Picker Corp., Northford, Conn.), is positioned over the 
20 graft to directly measure the amount of radioactivity 

from the platelets being deposited as part of a thrombus 
as described in Cadroy, Y. , et al., supra . As a second 
measure of thrombus formation, a 5 /xCi dose of 
125 I- labeled baboon fibrinogen is given intravenously 
25 prior to insertion of the shunt. At the conclusion of 

the experiment, the shunt is removed, washed and stored 
for 30 days to allow for the decay of X11 indium radio- 
activity (half -life, 2.8 days). As llx indium decays much 
more rapidly than 125 iodine, the detectable radioactivity 
30. remaining in the shunt represents the amount of fibrin 

deposited as part of a thrombus. Total fibrin deposition 
is calculated by dividing the counts per minute deposited 
by the amount of clottable fibrinogen present in- the 
baboon blood as measured by the TCT assay. The first 
35 shunt in the series acts as a control for the second 

shunt . 
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Two shunts in series were inserted into a baboon and 
• the TM analog (6h/227~462, see Table 4) infused at a 
point between the two shunts at a rate of 7 or 8 mg/hr 
for one- hour. As can be seen in Figure 3 of U.S. Patent 
5 . Application Serial No. 07/568,456, platelets were 

deposited in both the chamber and the dacron graft in the 
control shunt, however, platelet deposition was 
significantly reduced following infusion of the TM analog 
into the second shunt . 
10 These experiments demonstrate that a TM analog that 

has the ability to act as a cof actor for thrombin- 
mediated protein C activation and has a significantly 
reduce ability to inhibit thrombin -mediated conversion of 
. fibrinogen to fibrin and thrombin-mediated activation and 
15 aggregation of platelets can prevent the formation of 

either arterial-type or venous-type thrombi dn an in vivo 
model. Such a TM analog would therefore be useful for 
pharmaceutical treatment of any thrombotic disease, 
whether localized to the arteries or to the veins. 

20 Example 4 : In Vivo. Circulating Half -life 

The circulating half-life of several TM analogs was 
evaluated using a modification of the. protocol of Bakhit, 
C, et al., (1988) Fibrinolys-i § ^^-^ Thrombomodulin 
analog was radiolabeled with 125 iodine according to the 

25 lactoperoxidase method of Spencer, S.A. , et al . , (1988) 

J. Biol. Chem. 263:7862-7867. Approximately 100,000 cpm 
amount of labeled analog was injected into the femoral 
vein of an anesthetized mouse and small samples collected 
at selected time intervals. The level of radioactivity 

3 0 present in each sample, corresponding to the amount of 

radiolabeled thrombomodulin analog present in the. 
circulation, was determined by counting in a gamma 
counter (Beckman) and the time necessary to decrease the 
amount of radioactivity in the circulation to one-half of 

35 its original value determined. These can also be based 

upon an APC assay and ELISA determination 
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Three thrombomodulin analogs were evaluated using 
this method: 6h/227-462 (see above), 6h/227-462 that had 
been pretreated with hydrofluoric acid (HF) to remove 
some or all of the carbohydrate, and 4t/227-462 (See 
5 Table 4 and Example 1.B.2). The treatment was done 

according to the method of Mort, A.J. and Lamport, T.A. 
(1577) Analyti cal Biochemistry 82:289-309. Briefly, 0.8 
mg of TM analog (6h/227-462) was incubated in 1 ml 
anisole + 10 mis HF (cone) at 0°C for 1 hour under 

10 vacuum. After this time the volatile liquid was 

evaporated and the protein residue rinsed from the 
reaction chamber with two, 3 ml washes of 0.1 M acetic 
acid followed by two 3 ml washes of 50% acetic acid. The 
combined washes were extracted with 2 mis of ethylether 

15 to remove any residual anisole. The peptide containing 

aqueous phase was desalted on a PD10 column with 92% of 
the protein recovered from the starting material. 

As can be seen from the results in Table 6, treating 
the TM analog so as to modify glycosylation can 

20 significantly alter its circulating half -life. This can 

be accomplished by either removing carbohydrate or 
altering its composition by expression in different cell 
types . 
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Table 1 

GGCACG GCGCAGCGGC AAGAAGTGTC TGGGCTGGGA CGGACAGGA 4 6 

CGGACAGGAG AGGCTGTCGC CATCGGCGTC CTGTGCCCCT. CTGCTCCGGC 96 

ACGGCCCTGT CGCAGTGCCC GCGCTTTCCC CGGCGCCTGC ACGCGGCGCG 14 6 

5 CCTGGGTAAC ATG CTT GGG GTC CTG GTC CTT GGC GCG CTG GCC 189 

Met Leu Gly Val Leu Val Leu Gly Ala Leu Ala 
-15 -10 

CTG GCC GGC CTG GGG TTC CCC GCA CCC GCA GAG CCG CAG CCG 231 
Leu Ala Gly Leu Gly Phe Pro Ala Pro Ala Glu Pro Gin Pro 
10 -5 -1+1 5 

GGT GGC AGC CAG TGC GTC GAG CAC GAC TGC TTC GCG CTC TAC 273 
Gly Gly Ser Gin Cys Val Glu His Asp Cys Phe Ala Leu Tyr 
10 15 20 

CCG GGC CCC GCG ACC TTC CTC AAT GCC AGT CAG ATC TGC GAC 315 
15 Pro Gly Pro Ala Thr Phe Leu Asn Ala Ser Gin He Cys Asp 

* 25 30 35 

GGA CTG CGG GGC CAC CTA ATG ACA GTG CGC TCC TCG GTG GCT 357 
Gly Leu Arg Gly His Leu Met Thr Val Arg Ser Ser Val Ala 

40 45 

20 GCC GAT GTC ATT TCC TTG CTA CTG AAC GGC GAC GGC GGC GTT 3 99 

Ala Asp Val He Ser Leu Leu Leu Asn Gly Asp Gly Gly Val 
50 55 60 

GGC CGC CGG CGC CTC TGG ATC GGC CTG CAG CTG CCA CCC GGC 441 
Gly Arg Arg Arg Leu Trp He Gly Leu Gin Leu Pro Pro Gly 
25 65 70 75 

TGC GGC GAC CCC AAG CGC CTC GGG CCC CTG CGC GGC TTC CAG 4 83 
Cys Gly . Asp Pro Lys Arg Leu Gly Pro Leu Arg Gly Phe Gin 
80 85 90 

TGG GTT. ACG GGA GAC AAC. AAC ACC AGC TAT AGC AGG TGG GCA 525 
30 ■ Trp Val Thr Gly Asp Asn Asn Thr Ser Tyr Ser Arg Trp Ala 

95 100 105 



CGG CTC GAC CTC AAT GGG GCT CCC CTC TGC GGC CCG TTG TGC 
Arg Leu* Asp Leu Asn Gly Ala Pro Leu Cys Gly Pro Leu Cvs 

HO us 



567 
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Table 1 - (Continued) 

arc gct ore tcc gct gct gag gcc act gtg ccc agc gag ccg 609 

Val Ala Val Ser Ala Ala Glu Ala Thr Val Pro Ser Glu Pro 
120 125 130 

5 ATC TGG GAG GAG CAG CAG TGC GAA GTG AAG GCC GAT GGC TTC 651 

lie Trp Glu Glu Gin Gin Cys Glu Val Lys Ala Asp Gly pie 
135 140 145 

CTC TGC GAG TTC CAC TTC CCA GCC ACC TGC AGG CCA CTG GCT 693 
io Leu Cys Glu Phe His Phe Pro Ala Thr Cys Arg pS Leu 25 

155 160 

GTG GAG CCC GGC GCC GCG GCT GCC GCC GTC TCG ATC ACC TAC tt; 
Val Glu Pro Gly Ala Ala Ala Ala Ala Val Ser YiS Thr T^r 



165 170 



175 



2?° » CG TZ C G ? G GCC CGC ^ GCG TTC CAG GCG CTG 777 

IS Gly Thr Pro Phe Ala Ala Arg Gly Ala Asp Phe Gin Ala Leu 

180 185 

CCG GTG GGC - AGC TCC GCC GCG GTG GCT CCC CTC GGC TTA CAG &19 
Pro Val Gly Ser Ser Ala Ala Val Ala Pro Leu Sly Leu Gin 



200 



20 



CTA ATG TGC ACC GCG CCG CCC GGA GCG GTC CAG GGG CAC TGG 861 
Leu Met Cys Thr Ala Pro Pro Gly Ala Val Gin Gly hTs ?^ 

GCC AGG GAG GCG CCG GGC GCT TGG GAC TGC AGC GTG GAG AAC 903 
Ala Arg Glu Ala Pro Gly Ala Trp Asp Cys Ser Val Glu Asn 
. 220 225 230 

GGC GGC TGC GAG CAC GCG TGC AAT GCG ATC CCT GGG GCT CCC 945 
Gly Gly Cys Glu His Ala Cys Asn Ala He Pro Gly -Ala Pro 
235 240 245 

CGC TGC CAG TGC CCA GCC GGC GCC GCC CTG CAG GCA GAC GGG 987 
Arg Cys Gin Cys Pro Ala Gly Ala Ala Leu Gin Ala Asp Gl? 

CGC TCC TGC ACC GCA TCC GCG ACG CAG TCC TGC AAC GAC CTC 1029 
Arg Ser Cys Thr Ala Ser Ala Thr Gin Ser Cys Asn Asp Leu 
260 265 270 
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Table 1 - (Continued) 

TGC GAG CAC TTC TGC GTT CCC AAC CCC GAC CAG CCG GGC TCC 1071 
Cys Glu His Phe Cys Val Pro Asn Pro Asp Gin Pro Gly Ser 
275 .280 285 

5 TAC TCG TGC ATG TGC GAG ACC GGC TAC CGG CTG GCG GCC GAC 1113 

Tyr Ser Cys Met Cys Glu Thr Gly Tyr Arg: Leu Ala Ala Asp 
290 295 ~ 300 

CAA CAC CGG TGC GAG GAC GTG GAT GAC TGC ATA CTG GAG CCC 1155 
Gin His Arg Cys Glu Asp Val Asp Asp Cys lie Leu Glu Pro 
10 305 310 315 

AGT CCG TGT CCG CAG CGC TGT GAG GTC AAC ACA CAG GGT GGC 1197 
Ser Pro Cys Pro Gin Arg Cys Val Asn Thr Gin Gly Gly Phe 
320 325 

TTC GAG TGC CAC TGC TAC.CCT AAC TAC GAC CTG GTG GAC GGC 123 9 
Glu Cys His Cys Tyr Pro Asn Tyr Asp Leu Val Asp Gly Glu 
330 335 340 

TGT GTG GAG CCC GTG GAC CCG TGC TTC AGA GCC AAC TGC GAG 1281 
Cys Val Glu Pro Val Asp Pro Cys Phe Arg Ala Asn Cys Glu 
345 350 355 

TAC CAG TGC CAG CCC CTG AAC CAA ACT AGC TAC CTC TGC GTC 1323 
Tyr Gin Cys Gin Pro Leu Asn Gin Thr Ser Tyr Leu Cys Val 
360 365 370 

TGC GCC GAG GGC TTC GCG CCC ATT CCC CAC GAG CCG CAC AGG 13 65 
Cys Ala Glu Gly Phe Ala Pro lie Pro His Glu Pro His Arq 
25 .375 380 385 

TGC CAG ATG TTT TGC AAC CAG ACT GCC TGT CCA GCC GAC TGC 14 05 
Cys Gin Met Phe Cys Asn Gin Thr Ala Cys Pro Ala Asp Cys 
390 395 

GAC CCC AAC ACC CAG GCT AGC TGT GAG TGC CCT GAA GGC TAC 1449 
Asp Pro Asn Thr Gin Ala Ser Cys Glu Cys Pro Glu Gly Tvr 
400 405 410 

ATC CTG GAC GAC GGT TTC ATC TGC ACG GAC ATC GAC GAG TGC 1491 
He Leu Asp Asp Gly Phe He Cys Thr Asp He Asp Glu Cys 
4 15 420 425 



15 



20 
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Table 1 - (Continued) 

GAA AAC GGC GGC TTC TGC TCC GGG GTG TGC CAC AAC CTC CCC 1533 
Glu Asn Gly Gly Phe Cys Ser Gly Val Cys His Asn Leu Pro 
430 435 440 

5 GGT ACC TTC GAG TGC ATC TGC GGG CCC GAC TCG GCC CTT GCC 1575 

Gly Thr Phe Glu Cys He Cys Gly Pro Asp Ser Ala Leu Ala 
445 450 455 

CGC CAC ATT GGC ACC GAC TGT CCC GAC TCC GGC AAG GTG GAC 1617 
Arg His He Gly Thr Asp Cys Asp Ser Gly Lys Val Asp Gly 
10 460 465 

GGT GGC GAC AGC GGC TCT GGC GAG CCC CCG CCC AGC CCG ACG 1659 
Gly Asp Ser Gly Ser Gly Glu Pro Pro Pro Ser Pro Thr Pro - 
470 475 480 

GGC TCC ACC TTG ACT CCT CCG GCC GTG GGG CTC GTG CAT TCG 1701 
15 Gly Ser Thr Leu Thr Pro Pro Ala Val Gly Leu Val His Ser 

485 490 495 

GGC TTG CTC ATA GGC ATC TCC ATC GCG AGC CTG TGC CTG GTG 1743 
Gly Leu Leu He Gly He Ser He Ala Ser Leu Cys Leu Val 
500 505 510 

20 GTG GCG CTT TTG GCG CTC CTC TGC CAC CTG CGC AAG AAG CAG 1.785 

Val Ala Leu Leu Ala Leu Leu Cys His Leu Arg Lys Lys <31n 
515 520 525 

GGC GCC GCC AGG GCC AAG ATG GAG TAC AAG TGC GCG GCC CCT 1827 
Gly Ala Ala Arg Ala Lys Met Glu Tyr Lys Cys Ala Ala Pro 
25 530 535 

TCC AAG GAG GTA GTG CTG CAG CAC GTG CGG ACC GAG CGG ACG 1869 
Ser Lys Glu Val Val Leu Gin His Val Arg Thr Glu Arq Thr 
540 545 550 



30 



CCG CAG AGA CTC TGA GCGGCCTCCG TCCAGGAGCC 
Pro Gin Arg Leu OP 
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Table 2 

t-PA Signal Sequence 

AT G GAT GCA ATG AAG AGA GGG CTC TGC TGT GTG .CTG CTG CTG 
Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu 
5 : -30 -25 -20 

TGT GGA GCA GTC TTC GTT TCG CCC AGC CAG ! INTRON A j GAA ATC 
Cys Gly Ala Val Phe Val Ser Pro Ser Glu G lu lie 

-15 -10 

CAT GCC CGA TTC AGA AGA GGA GCC AGA TCC 
10 His Ala Arg Phe Arg Arg Gly Ala Arg Ser 

-5 -1 +1 

Hypodermin A Signal Sequence - pHYl 

. COD #1198 GATCATG CTC AAG TTT GTT ATT TTA TTG TGC AGT ATT 
Met Leu Lys Phe Val lie Leu Leu Cys Ser lie 
-15 -io 

GCC TAT GTT TTG GGT GCC GTC GTA CCA AGA TCT CCC* CGG 
Ala Tyr Val Phe Gly Ala Val Val Pro Arg Ser Pro Arg 
-5 -1+1 

COD #1199 
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Table 3 



COD #1292 

5 ' ATCGGATCC TGC GAA AAC GGC GGC TCC primer /coding sequence 
BamHI Cys Glu Asn Gly Gly Phe 
aa 427 



COD #1293 

5 ' GTGGGATCC TGC TTC AGA GCC AAC TGC primer/coding sequence 
10 BamHI Cys Phe Arg Ala Asn Cys 

aa 350 



COD # 1294 

5 ' CAGGGATCC TGC ACC CAG ACT GCC TGT primer/coding sequence 
• BamHI Cys Asn Gin Thr Ala Cys 
15 aa 390 



COD #1408 

5' (CTG GTG GAC GGC GAG TGT) coding sequence 

GAC CAC CTG CCG CTC ACA CACCGCCGGC GCCT primer sequence 
Leu Val Asp Gly Glu Cys Not I 

20 aa 339 



COD #1409 

5'{CGC CAC ATT GGC ACC GAC TGT) coding sequence 

GCG GTG TAA CCG TGG CTG ACA TCTCGCCGGC GTAG primer 
Arg His He Gly Thr Asp Cys NotI sequence 

25. .aa 456 . 
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Table 3 - (Continued) 

COD #1410 

5' (CAC GAG CCG CAC GGA CGT) coding sequence 

GTG CTC GGC GTG TCC ACG GTCT CGCCGG CGTT primer, sequence 
5 His Glu Pro His Arg C Not I 

aa 381 



COD #1411 ' 

5' (CGC CAC ATT GGC ACC GAC TGT TGA) coding sequence 
GCG GTG TAA CCG TGG CTG ACA ACT CGCCGGCGT primer 
10 Arg His lie Gly T.hr Asp Cys STOP NotI sequence 

aa 456 



COD #1412 

5' (GAC GAC GGT TTC ATC TGC) coding sequence - 

CTG CTG CCA AAA GGA TAC GCGCGGCCGG CTG primer' sequence 
15 Asp Asp Gly Phe lie Cys NotI 

aa 416 



COD #1433 

5' (CTG GTG GAC GGC GAG TGT TGA) coding sequence 

GAC CAC CTG CCG CTC ACA ATC CGCCGGCGCC T primer 
20 Leu Val Asp Gly Glu Cys STOP NotI sequence 

aa 339 



COD #1434 

5/ (CAC GAG CCG CAC GGA CGT TGA) coding sequence 
25 : GTG CTC GGC GTG TCC ACG ATC CGCCGGCGTT primer sequence 

His Glu Pro His Arg Cys STOP NotI 
aa 381 
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Table 3 - (Continued) 

COD #1435 

5' (GAC GAC GGT TTC ATC TGC TGA) coding sequence 

CTG CTG CCA AAG GAT ACG ATC CGCCGGCGGCTG primer 
5 Asp Asp Gly Phe He Cys STOP NotI sequence 



COD #1480 

5' (TGT GAC TCC GGC AAG GTG GAC TGA) coding sequence 
ACA CTG AGG CCG TTC CAC CTG ACT CTTAAGCT primer 
10 __. 073 Asp Ser G l y Val STOP EcoRi sequence 

3.3. -4 62 



COD #1479 

5' (GGC ACC GAC TGT GAC TCC TGA) coding sequence 
CCG TGG CTG ACA CTG AGG ACT CTTAAGCAG 
15 Gly Thr Asp Cys Asp Ser STOP EcoRI 

aa 459 



COD #1478 

His Trp Ala Arg Glu Ala Pro 
5'CCATGGC CAC TGG GCC AGC GAG GCG CCG primer/coding 
20 Ball His Trp Ala Arg Glu Ala Pro Sequence 

aa 216 



COD #1481 

5' (CCG GCC GTG GGG CTC GTG CAT TCG TGA) coding sequence 

GGC CGG CAC CCC GAG CAC GTA AGC ACT CGCCGGCGGT A primer 
25 Pro Ala Val Gly Leu Val His Ser STOP NotI sea 

aa 490 M " 
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Table 4 
Expression in Insect Cells 



10 



Vector 

pTMHYlOl 

pTMHY102 

pTMHY103 

pTHRlO 

pTHRll 

pTHR22 

pTHR78 

pTHR13 



TM a. a. Region 

aa 221-462 

aa 216-468 

aa 216-464 . 

aa. 227-462 

aa 227-462:227-462 

aa 350-462 

aa 227-497 

aa 227-462 



Domain 

EGFs 1-6 
EGFs 1-6 
EGFs 1-6 
EGFs 1-6 

EGFs 1-6 + EGFs 1-6 
EGFs 4 , 5&6 
EGFs 1-6 + O- linked 
glycosylation domain 
: EGFs 1-6 



Expression in Mammalian Cells 



15 



20 



Vector 

pTHR13 
pTHR19 
pTHR20 
pTHR2i 

domain 



TM a,a v Region 

aa 227-462 

aa. 350-462 

aa' 227-462 :227-462 

aa 227-497 



Domain 

EGFs 1-6 
EGFs 4, 5&6 
EGFs 1-6 + EGFs 1-6 
EGFs .1-6 + O- linked 
glycosylation 
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Table 5 



Primers for replacing the Methionine at aa 291 

Native Sequence 
Pro Asp Gin Pro Gly Ser Tyr Ser Cys Met 
5 CCCC GAC CAG CCG GGC TCC TAC TCG TGC ATG 

CCCC GAC CAG CCG GGC TCC TAC AGC TGC CTG 
Mutant Primer 1580 ~ Leu 

CAG CCG GGC TCC TAC TCG TGC CA G 
Mutant Primer 1581 Gin 
0 CCCC GAC CAG CCG GGC TCC TAC TCG TGC GCA 

Mutant Primer 1582 Ala 



Cys Glu Thr Gly Tyr Arg Leu Ala Ala 
TGC GAG ACC GGC TAC CGG CTG GCG GCC G 
TGC GAG ACC GGC TAC CGG CTG GCG GCC G 

TGC GAG ACT GGC TAC CGG CTG GCG GCC G 

TGC GAG ACC GGC TAC CGG CTG GCG GCC G 



Primers for replacing the Methionine at aa 388 
Native Sequence 

Pro His Glu Pro His Arg Cys Gin Met 
CCC CAC GAG CCG CAC AGG TGC CAG ATG 
CCC CAC GAG CCG CAC AGG TGC CAG CTG 
Mutant Primer 1573 Leu 
CCC CAC GAG CCG CAC AGG TGT C AA CA G 
Mutant Primer 1583 Gin 
CCC CAC GAG CCG CAC AGG TGC CA G GCC 
Mutant Primer 1584 Ala 



Phe 


Cys 


Asn 


Gin 


Thr 


Ala 


Cys 


Pro 


Ala 




TTT 


TGC 


AAC 


CAG 


ACT 


GCC 


TGT 


CCA 


GCC 


G 


TTT 


TGC AAC 


CAG 


ACT 


GCC 


TGT 


CCA 


GCC 


G 


TTT 


TGC 


AAC 


CAG 


ACT 


GCC 


TGT 


CCA 


GCC 


G 


TTT 


TGC 


AAC 


CAG 


ACT 


GCC 


TGT 


CCA 


GCC 


G 



; # • 
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Table 6 



Sample Half-life (min) 
6h/227-462 2.7 
HF treated 6h/227-462 7.3 
5 4t/227-462 8.1 
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Example 5 : Expression of Recombinant Thrombomodulin 
Genes in CHO Cells 

The cell line CH0DXB11 was obtained from Larry 
Chasin of -Columbia University. Cells were grown in HAM's 
5 F-12 complete medium (GIBCO) , supplemented with 9% fetal 

bovine serum (FBS) and gentamicin. 

A. Transfectlon 

Cells, 1x10 s , were plated in a 10 0 mm petri dish one 
day before transf ection. A plasmid pTHR525 encoding a 
soluble TM analog was prepared as described below in 
Example 9. The gene was constructed to encode an analog 
of thrombomodulin with the following modifications: 63 
(truncated 3 amino acids from the natural amino 
terminus) , Met388Leu (replacement of the methionine at 
position number 388 with leucine) , Arg456Gly (replacement 
of arginine at position 456 with glycine) His457Gln 
(replacement of histidine at position 457 with 
glutamine) , Ser474Ala (replacement of serine at position 
474 with alanine), and 67 (truncated 7 amino acids from 
the carboxy terminus of a soluble TM at 497, i.e., the 
analog would end at amino acid 4 90) . For each dish, the 
PTHR525 DNA to be transfected (20 fig dissolved in 100 fil 
of Opt i -MEM (BRL) , supplemented with mercaptoethanol 
(1:1000 dilution)) was mixed with a solution of 
Lipofectin (CalBiochem, 60 fig in 100 fil of Opt i -MEM) . 
The mixture was allowed to stand for 15 minutes at room 
temperature. Prior to the addition of the DNA mixture, 
the cells were washed twice with Opt i- MEM and 3 ml of 
Opt i -MEM was placed in each dish. The DNA and Lipofectin 
mixture was added to the plated cells and incubated 
overnight. The media was then changed to HAM's F-12 
selective media (w/o glycine, hypoxanthine , and 
thymidine) and the cells allowed to recover overnight. 
The media was then changed to HAM's F-12 complete media 
with hygromycin (150 fig/ml, CalBiochem) and the cells 
maintained in this media for 3 days. At the end of this 
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time, the media was changed to HAM' s F-12 selective media 
{without glycine, hypoxanthine , and thymidine) 
supplemented with 9% dialyzed FBS and; gentamicin. Clones 
were allowed to generate (approximately seven to ten 
5 days) and the mixed population was assayed by APC and 

ELISA assay. The cell population was expanded in culture 
flasks (225 cm 2 ) for production purposes. 

B. Production: (1 L spinner culture x 2) 

t 

The cultures were started with 3 g Cytodex 3 
10 microcarrier beads (Pharmacia),; 500 ml HAM' s F-12 

complete medium supplemented with 5% FBS, and 8.4 x 10 7 
total cells. The following day, media was added to bring 
the volume to 1 L. The supernatant was harvested every 
other day for about 6 weeks. 450 ml was harvested the 
15 . first two times and 1500 ml on all subsequent occasions. 

The total harvest was 11.35 L and contained 4.14 x 10 € u. 

Example 6 : Purification of TM Analogs 
from Cultured Supematants 

A. Purification of TM^ 0 (CH0) 

20 . Media containing the TM LEO (CHO) analog with chondroi- 

tin or without sulfate expressed and secreted by CHO 
cells was made up to 0.01% Tween 80, filtered (1.2 /iM 
Serum Capsule #12168 and 0.2 fiM Culture Capsule #12140, 
Gelman Sciences, Ann Arbor, . MI) , loaded on a 100 ml 

25 Q-Sepharbse column, washed with 50 mM Tris-HCl pH 7.8", 

0.2 M NaCl, 0.1 mM EDTA, 0.01% Tween 80, and eluted with 
a NaCl gradient (0.2 to 2M) in the same buffer. Peak A 
(TM without chondroitin sulfate) and Peak B (with chon- 
droitin sulfate) were diluted to 0.3 M NaCl, 20 mM Tris- 

30. HC1, 0,5 mM CaCl 2 EDTA, 0.02% NaN 3 , pH 7.5. A thrombin 

affinity chromatography step is performed essentially as 
described above, and the samples desalted. Active 
fractions were pooled. 
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B. Purification of TM B (Sf9) . 

These products can be isolated as described above or 
as follows: 

All procedures were performed at 4°C. Filtered 
5 insect cell harvest was diluted 1:1 with water, titrated 

with acetic acid to pH 5.2 and loaded on a Q-Sepharose 
fast flow resin (25 mM Na-acetate, pH 5, 0.1 M NaCl, 
0.02% NaN 3 ) . Active fractions were eluted with 0.3 M NaCl 
in the same buffer, pooled, diluted to 0.3 M NaCl, 20 mM 
10 Tris-HCl, 0.5 mM CaCl 2 , 0.02% NaN 3 , adjusted to pH 7.5 

(NaOH) , loaded on a 120 ml DFP-inactivated thrombin 
Affigel-10 resin (described above) and eluted with 2 M 
NaCl, 20 mM Tris-HCl, 1 mM Na 2 EDTA, 0.02% NaN 3 , pH 7.5. 
Active fractions were pooled, desalted and buffer 
15 exchanged on a Sephadex G-25 column into 0.2% NEM-Ac, pH 

7, loaded on a Mono-Q HR10/10 column (Pharmacia-), and 
• gradient eluted between 0 and 1 M NaCl in the same 
buffer. High specific activity fractions (APC assay) 
were pooled, desalted on Sephadex G-25 into PBS or 0.2% 
20 NEM-Ac, pH 7 and stored frozen or lyophilized. 

C. Soluble TMjjg, Expression in CHL1 Cells 

DNA coding for both the wild type and M3 88L mutant 
forms of TM, amino acids 1 to 497, and full length TM, 
amino acids 1 to 557, were expressed in Cos 7 and CHL1 

25 cells using the mammalian expression vector pRc/CMV, 

obtained from Invitrogen, San Diego, California. For 
transient expression, Cos 7 cells expressing full length 
TM were harvested 48 to 72 h post transf ection. CHLI 
cells are a human melanoma cell line, available from the 

3-0 ATCC. 

D. Purification of TM^q (CHLI) 

Media containing the TM LEO (CHLI ) analog with 
chondroitin sulfate expressed and secreted by CHLI cells 
was made 0.01% in Tween 80, filtered (1.2 fiM Serum 
35 Capsule #12168 and 0.2 M M Culture Capsule #12140, Gelman 
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Sciences, Ann Arbor, MI) , loaded on a 100 ml Q-Sepharose 
column, washed with 50 mM TrisrHCl pH 7.8, 0 . 2M NaCl , 0.1 
mM EDTA, 0.01% Tween 80, and eluted with a NaCl gradient 
(0.2 to 2 M) in the .same buffer (elutes near 1 M NaCl by 
5 APC assay). The eluent was diluted 3-fold with H^O, 

loaded on a second 5 ml Q-Sepharose column, washed with 
the same buffer except with 0.001% Tween 80 and. 0.7 M 
NaCl and eluted with a second shallow gradient (3 0 column 
. volumes; 0.7 to 1.6 M NaCl) . Small amounts (<500 /xg) 
10 were further purified by molecular exclusion ■ 

•chromatography on Superose 6 (Pharmacia) in PBS. 
E. Anion Exchange Chromatography 

As noted above, more than one form of TM E analog is 
detected in thrombin-af f inity purified material from Sf 9 

15 cells run on a. SDS-PAGE gel under non-reducing 

conditions. . A method was developed to resolve these 
variants. TM E (Sf9) analog 6h/227-462, TM E (Sf9) 
collected from the Sephadex G25 column, as described 
above, was applied to a Mono Q column (Pharmacia, 10 

10 micron particles, quaternary amine) . pre-equilibrated with 

0.2% N-ethylmorpholine (NEM) pH 7.0. After washing with 
this buffer the various forms were separated using a 
gradient of 0 to 0.4 M NaCl. The elution and activity 
profiles are shown in Figure 1 . Samples of each fraction 

IS were evaluated on. an SDS-PAGE gel under non-reducing 

conditions. Three distinct bands with slightly different 
mobilities could be seen on the stained gel. Fractions 
containing peptides with like mobilities were pooled (A . = 
fractions 32-35, B = fractions 40-44, C = fractions 70- 

0 71) and then assayed for total protein content and for 

activity in the Protein C. activation assay. The specific 
activities are listed in the table below. No inactive 
peptides were detectable in any of the fractions. 

Test Material Specific Activity (U/mg) 

5 Mono Q Load 166,000 ± 12,000 

fractions 32 - 35. (A) 416,000 + 19,000 

fractions 40 - 44 (B) 262,000 ± 4,000 

fractions 70 - 71 (C) 67,600 + 5,000 



# 
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B. SDS-PAGE Analysis 

Every fraction or every other fraction of TM E (Sf 9 ) 
purified on the Mono-Q column was analyzed by SDS-PAGE as 
follows: 4.5 /il of a fraction was mixed with 1.5 /il of 4 
5 x concentrated SDS-PAGE sample buffer without reducing 

agents, heated about 10 to 15 min. at about 90 °C and 
loaded onto a 8-25% acrylamide Phast gel from Pharmacia 
using the comb and protocol provided. The gel was run on 
the Phast gel system using the protocol suggested by the 
10 manufacturer. The gel shows fractions across the peak 

and shoulder which were pooled to make Pool and B, re- 
spectively (Figure 2). The abbreviations are as follows: 
Numbers - Fraction numbers referred to in Fig. l and 
above Table listing specific activities. 
15 A - occasionally seen artifact band in load on Panel 

A, frac. 28 and frac. 39; this appears to be from protein 
from fingerprints on labware. 

D - TM E disulfide linked dimer which elutes in Pool C 
MU - upper monomer, this appears to be the single - 
20 . chain TM B 

ML - lower monomer, has the same N- terminus as MU 
(AlaValValPro . . . ) , but has a faster electrophoret'ic 
mobility as could be expected of a protein proteolyzed . 
near the C- terminus 
25 L - material loaded on the Mono-Q column containing 

D, MU and ML 

By pooling the fractions indicated in the above 
table, MU or ML can- be greatly enriched, as desired. 

E3camBle_7: Demonstration of the Presence of Two -Chain TM 

30 A* Separation of Cleaved Forms 

from CHL1 and CHO Cells 

The following samples were analyzed on an 8% Tris- 
Glycine gel from Gel Novex, all samples were run under 
reducing conditions. Figure 3 shows the results for the 
35 following samples: 



# 
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Lane 

1 Novex Wide Range Marker 

2 TM^CHO) #82891 LJ 

3 TM^CCHOPkB + Chondroitinase ABC (P. vulgaris) 
5 4 TM LEO (CHO)PkB + Chondroitinase AC 

(Flavobacterium heparium) 

5 TM LE0 (CHL1) PkB + Chondroitinase AC 
(RZavobacterimn heparium) 

6 TM LEO (CHO)PkB + Chondroitinase AC (Anthrobackter 
10 aurescens) 

7 TM^o (CHL1) PkB +• Chondroitinase AC 
(Flavobacterium heparium) 

8 TMleq ( CHL1 ) PkB + Chondroitinase ABC (P. 
vulgaris) 

15 9 TM^eo (CHL1) PkB #Q617 

10 Novex Wide Range Markers 

This gel was originally run to test commercial 
. chondroitinases from various sources. It shows that 
samples from CHO cells and CHL1 cells both contain the 80 
2.0 - kDa band which appears to be the truncated form of the . 

full length soluble TM analogs . The band at 66 kDa is 
BSA which is added to the commercial chondroitinase 
preparations for stability. Lane 9 is underloaded. 

Bi Western Blot 

25 Samples of purified TM and TM analogs were analyzed 

on an 8% Tris-Glycine gel, which was run at 125 volts for 
2 hours. The proteins were electroblot -transferred to 
nitrocellulose for 3 hours at 120 MA. The nitrocellulose 
was then incubated overnight with 3% BSA at 4°C. The 

30 blot was then exposed to a first mouse polyclonal anti- 

body preparation which were raised against the reduced 
... and denatured 6EGF region of TM, at a 1:500 dilution for 
30 minutes- Then/ a second antibody, a commercial bio- 
tinylated Goat was added for 30 minutes. The resulting 

35. nitrocellulose blot was then developed with avidin-HRP 
conjugate and 4-Chloro-T-Naphthol , from a commercial 
supplier. 

Figure 4 shows a Western blot gel in which: 



# 
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Lane 

1 10 /xl BRL Biotinylated markers 

2 TMleq ( CHL1 ) PkB #QG17 (-1250 APC Units) 

3 TM LEO (CHO)PkB #82891 LJ (-130 APC Units) 
. 5 4 TMleq (CHO) PkA #82891 LJ (-125 APC Units) 

5 TMleq ( CHL1 ) PkB + Chondroitinase ABC #QG21 (-106 
APC Units) 

6 *^leo (CHO) PkB + Chondroitinase ABC #OG39 (-34 
APC Units) 

10 7 TM^g ( CHL1 ) PkB + Chondroitinase ABC #OG41 (-100 

APC Units) 
8 5^1 "Rainbow" markers, Amersham • 

MW Markers for Fig. 4; BRL Biotinylated "Rainbow" 

„i 97 -4 kDa 200 kDa 

15 ^6.2 97.4 

42.7 69.0 

31.0 46.0 

Run with {21.5 30.0 

on °y e Front (14.4 21.5} Run w/Dye 

^ U 14.3} Front 

This Western analysis shows that all samples of TM L 
expressed in CHO cells have an immunoreactive band at 80 
kDa which appears to be the truncated form of TM and that 
some samples of TM^q expressed in CHL1 cells have the 80 
25 kDa band (Lane 2) . Lane 7 containing the " lectin- 6EGF" 

analog, TM^ is underloaded. 

C. K d Determination 

The 1^ was determined for isolated preparations of 
recombinant thrombomodulin. T^CCHO) was prepared as 

30 described earlier. Determinations were made in 96 well 

plates in an assay diluent (20 mM Tris-HCl, pH 7.5, 0.1 M 
. NaCl, 0.1% NaN 3 , 0.5% BSA, containing either 0.25 or 2.5 
mM CaCl 2 ) . For the determination, thrombin (1 nM) was 
added to the TM analog (0.5 to 250 nM) ; reaction was 

35 initiated by Protein C addition (3 fiM) . All concentra- 

tions listed are final concentrations. Mixtures were 
incubated 10-60 minutes (75 jxl, 20°C) and quenched with 
hirudin (570 nM) . 100 /zl/well of S-2266 substrate (Kabi 
Vitrum) , in modified assay diluent, was then added (2 

40 mM) . 
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As can be seen from the double reciprocal plot in 
Figure 5, the actual first point, corresponding to high 
TM concentration, is displaced from the linear projection 
derived from the measurements at lower TM concentrations. 
5. This indicates that another TM component with a signifi- 
cantly high Kd is present in the test sample. It appears 
•that there are two classes of thrombin binding species in 
the sample, both of which lead to the formation of an ac- 
tive complex. The low affinity form is likely to corres- 
10 pond to the cleaved or truncated form, e.g., a TM analog 

which does not bind thrombin as tightly as uncleaved TM. 

Example _8: Sequencing Data Demonstrating 
Two Different Amino Termini 

A, N- terminal Sequence Analysis 

15 The/purified protein was dried and sequenced 

(Applied Biosystems, Model #477 with a 900A data module 
or Model #470A with chart recorder) . PTH-amino acids 
were identified on a 120A Applied Biosystems PTH Analyzer 
by RP-HPLC (Brownlee PTH- CI 8 cartridge, 2.1 x 222mm) . 

20 B. N- terminal Analysis 

Various preparations of TM analogs were analyzed as 
above. As can be seen in Table 7, the samples from 
™LEofCHO) peak A contain heterogeneous N- termini. For 
example, N- terminal analysis of 3 samples shown in Table 
25 7 of TM produced by a plasmid containing the unmodified 

sequence expressed in CHO cells showed a strong cleavage 
• site sequence amounting to 5 to 19% (11 ± 4%) of the 
protein present. 

In contrast, N-terminal analysis of at least 100 
30 picomole of DXB-ll 525, a TM preparation isolated from 

CHO cells transformed with the pTHR525 plasmid containing 
the TM mutations, at the indicated positions 
(63,M388L,R456G,H457Q,S474A / 67) confirmed that this poly- 
peptide contained essentially no N-terminal heterogeneity 
35. (maximum second sequence is 0.6 ± 1.350 s 0%). in 



WO 93/15755 PCT/US93/01120 

87 

particular, no secondary amino terminus corresponding to 
a natural sequence of :HIGT was seen, thus indicating 
absence of detectable protease cleavage at that, or any 
other, site. 

5 TABLE 7 

Sequence Comparison of Samples of TM LEO (CHO)PkA with 
TM UEO (CHO)a3 / M388L / R456G / H457Q,S474A,a7 

Notes: 

1) Data is pmol of amino acid per cycle and percent clipped calculated per cycle. 
10 2) Amino acids which are? difficult to quantitate reliably: His, Arg, Ser, Thr 

3) Cys not quantitated since samples not reduced and alkylated. 

4) Pro often not well cleaved, therefore yield may be low. 

5) Pmol data corrected for background signal and "lag" signal from previous cycles. 
A) Sample: TM^CHOJPIcA 82891; 10/23/91 



.15 


Cycle 


N-term#1 


N-term#2 


Sum 


Clip 




3k 




1 


Ala 


110 


Phe 57 


167 


His 


0.6 






2 


Pro 




Pro - 


115 


lie 


11 


9.5 




. 3 


Ala 




Ala - 


127 


Gly 


24 


18.9 




4 


Clu 


30 


Pro 49 


79 


Thr 


10 


12.6 


20 


5 


Pro 


72 


Ala 71 


143 


Asp 


7.1 


5.0 




6 


Gin 


41 


Glu 26 


67 


Cys 








7 


Pro 




Pro - 


86 


Asp 


8.5 


9.9 




B) Sample: 


TM^CHOJPkA 


91991; 10/28/91 












Cvcle 


N-term#1 


N-term#2 


Sum 


Clip 




%. 


25 ' 


1 


Ala 


221 


Phe 108 


329 


His 


8 






2 


Pro 




Pro - 


228 


lie 


13 


5.7 




3 


Ala 




Ala - 


321 


Gly 


37 


11.5 




4 


Clu 


128 


Pro 114 


242 


Thr 


7 




30 


5 


Pro 


182 


Ala 125 


307 


Asp 


40 


13 


6 


Gin 


147 


Glu 114 


67 


Cys 








7 


Pro 




Pro - 


328 


Asp 


126 
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C) Sample: 


TM LEO (CHO)PkA 


102491 -A; 1/17/92 










Cvcle 


N-term#1 


N-term#2 


Sum 


Clip 


% 




1 


Ala 14.2 


Phe 60 


202 


His 0 


0 




2 


Pro - 


Pro - 


118 


lie 20 


17 


5 


3 


Ala - 


. Ala - 


160 


Gly 20 


12.5 




4 


Glu 48 


Pro 38 


86 


Thr 8 


9.3 




5 


Pro 48 


Ala 60 


108 


Asp 41 






6 


Clh 52 


Glu 39 


91 


Cys - 






7 


Pro - 


Pro - 


58 


Asp 42 




10 


D) Sample: 


TM LEO (CHO)a3,M388L / R456C / H457Q / S474A / 37; pTHR525 






Cvcle 


N-term 


Clip 


% 








1- 


Glu 88 


Gin 0 


0 








2 


Pro 184 


He 0.4 


0.2 








3 


Gin 171 


Gly 6 


3.5 






15 


4 


Pro 1 72 


Thr 0 


0 








5 


Gly 149 


Asp 0 


0 








6 


Gly 143 


Cys - 










7 


Ser 28 


Asp 0 


0 







Example 9 : Method of Mutagenesis and Oligonucleotide 

20 Selection for Production of Protease- 

Resistant TM Analogs 

The plasmid pTHR525, coding for a preferred embodi- 
ment of a protease-resistant TM, was constructed by muta- 
genesis of the TM gene (see U.S. Patent Application Ser- 
25 ial No. 07/345,372/ GenBank®, or the sequence of pTHR324 

shown in Table 8; : pTHR324 . contains the TM gene in the 
pRC/CMV vector) . A gene construct which/ upon expres- 
sion, expresses a polypeptide corresponding to amino 
- acids 3-490 was made by standard mutagenesis techniques. 



WO 93/15755 PCT/US93/01120 

89 

A. Modification of the protease cleavage site 

The Arg 456 /His 457 ---> Gly 456 /Gln 457 mutation was 
constructed as disclosed in Example 1 (C) using as a 
primer oligomer COD-2218. 

5 B. Modification of the O- linked chondroitin 

sulfate linkage site 

The Ser 474 -»Ala 474 mutation was constructed as disclosed 
in Example 1(C) using as a primer oligomer COD-1886. 



10 



C. Modification of the N- terminus 

The N- terminal deletion of the first three amino 
acids of native TM, which has a heterogeneous signal 
sequence cleavage site, was constructed as disclosed in 
Example 1{C) using as a primer oligomer COD-2321. The 
construct has a change in the fourth glycine of . the sig- 
15 nal sequence e., amino acid -3) from Gly to Val, in 

addition to providing an N- terminal sequence, after pro- 
cessing of the signal sequence, which begins at amino 
acid Gly4. This construct was prepared based upon pre- 
dictions of signal cleavage efficiencies using algorithms 
described in von Heijne, G., Nucleic Acids Res. 14 4683 
(1986) . 



20 
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TABLE 8 

GCGGCCGC 

tcgagcatgcatctagagggccctat t 

ctatagtgtcacctaaatgctcgctgatcagcctcgactgtgccttctagt tgccagccatctgt tgtttgcccctcccc 
cgtgcct tccttgaccctgg 

aaggtgccactcccactgtcctttcctaataaaatgaggaaat tgcatcgcat tgtctgagtaggtgtcat tctat tctg 
gggggtggggtggggcagga 

cagcaagggggaggattgggaagacaatagcaggcatgctggggatgcggtgggctctatggaaccagctggggctcgag 
gggggatccccacgcgccc t 

gtagcggcgcattaagcgcggcgggtgtggtggttacgcgcagcgtgaccgctacacttgccagcoccctagcgcccgct 
cctt tegctttcttcccttc 

ctttctcgccacgttcgccggct ttccccgtcaagctctaaatcggggcatccctt tagggt tccgatt tagtgctttac 
ggcacc t cgaccccaaaaaa 

cttgattagggtgatggttcacgtagtgggccatcgccctgatagacggtttttcgcctttactgagcactctttaatag 
tggactcttgttccaaactg 

gaacaacactcaaccctatctcggtctattct t ttgatttataagat t tccatcgccatgtaaaagtgttacaattagca 
ttaaattacttctttatatg 

ctactattcttttggcttcgttcacggggtgggtaccgagctcgaattctgtggaatgtgtgtcagfctagggtgtggaaa 
gtccccaggctccccaggca 

ggcagaagt atgcaaagca tgca t c t caat t agt cagcaaccaggt g t ggaaagt ccccaggc t ccccagcaggcagaag 
Utgcaaagcatgcatctca 

attagtcagcaaccatagtcccgcccctaactccgcccatcccgcccctaactccgcccagttccgcccattctccgccc 
catggctgactaattt ttt t 

tatttatgcagaggccgaggccgcctcggcctctgagctattccagaagtagtgaggaggcttttttggaggcctaggct 
tttgcaaaaagctccoggga 

gcttggatatccattt tcggatctgatcaagagacaggatgaggatcgtttcgcatgattgaacaagatggati:gcacgc 
aggttctccggccgct tggg 

tggagaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgccgtgttccggctgtcagcgcag 
grggcgcccggt tctt 1 1 tgt 

caagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcgcggctatcgtggctggccacgacgggcgttc 
cttgcgcagctgtgctcgac 

gttgtcactoaagcgggaagggactggctgctattgggcgaagtgccggggcaggatctcctgtcatctcaccttgctcc 
tgccgagaaagtatccatca 

tggctgatgcaatgcggcggctgcatacgcttgatccggctacctgcccattcgaccaccaagcgaaacatcgcatcgag 
cgagcacgtactcggatgga 

agccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgcgccagccgaactgttcgccaggctcaagg 
cgcgcatgcccgacggcgag 

oatctcgtcgtgacccatggcgatocctgcttgccgaatatcatggtggaaaatggccgcttttctggattcatcgactg 
t ggccggc t gggt gt ggcgg 

accgcta tcaggacatagcgt t ggc tacccgtgata t tgc tgaagagc 1 1 ggcggcgaatgggc t gaccgc 1 1 cc tcgt g 
ctttacggtatcgccgctcc 

cgattcgcagcgcatcgccttctatcgccttcttgacgagttcttctgagcgggactctggggttcgaaatgaccgacca 
agcgacgcccaacc t gccat 

cacgagattfccgattccaccgccgcct.tctatgaaaggfctgggcttcggaatcgttttccgggacgccggctggatgatc 
ctccagcgcggggatctcat 

gctggagttcttcgcccaccccaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttca 
caaataaagcatttttttca 

ctgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatcccgtcgacctcgagagcttggcg 
taatcatggtcat age tgt t 

tcctgtgtgaaattgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcct 
aat gagt gagctaac t caca 

ttaattgcgttgcgctcactgcccgctt.tccagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcQc 
sgsgagaggcggt t tgcgta 

ttgggcgctcttccgcttcetcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactca 
aaggcggtaatacggttatc 

cacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgt 
tgctggcgtttttccataoo 



m 
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TABLE 8 (cont'd) 

ftagfgftagg^ttttgl^ 

It SottS t a^ccl?! ^*S*tataegcot tgacat tgat tattgactagttattaatagtaatcaat tacggggtc 

«?Il 9 ^ngttccca?agt CttaCS9taaatS9CCC9CCt ^ Ct9aCC ^^^ 

af^lfgccfal?acgccr tt9aC9tCaat999t99aCtattta ^ 

g! aca^ftaf gf a?tf gt 2* *** t9SCCCSCC 1 " cat 1 a tBCceagtacatgaccttatgggactttcctacttggca 
c tf^accc^glfgfcar 99 ' ' ' t93castaeatcaat ^sr t ^ta g cggtttgactcacgggg attt ccaagt 
g S fgS?gtgflcgg?gggar aaatCaaC999aCtttC ^^ 

CCCI^GCCGGCCTGGGGTTCCCCGCACCCGCAGAGCCGC 
AGCCGG 

GTGGCAGTOAGTGCGTCGAGCACGACTGCTTCGCGCTCTACCCGGGCCCCGCGAC 

^II^S^^^GTCA^TCTGCGACGGACTGCGGGGCCACCTAATGA 

CAGTGCGCTCCTCGGTGGGTGCCGATGrCATTTCCTTGCTACrGA 

^ g °^^^? gctt ^gtgggttacgggagacaacaacaccagctataS 
AGC^GSS^rAA?^^^" 070 ^ 

GGGCA^ ^ 

CTGCGA 
1 GCACGCGTG 
CAATGCGATCCCTGGGGCTCCC 
CGCTGC 

GG^^^CT^CACT G 

GCTACCCTAACTACGACCTGGTGGACGGCGAGTGTGTGGAGCCC^TGGACCCGTGCTTCAGAGCCAACTGC 

GTTTCAT 

CGACTGTGACTCCGGCAAGGTGGACGGTOGC 
GACAGC 

GGCTCTGGCGAGCCCCCGCCCAGCCCGACGC 
CCGGCT 

CCACCTTGACTCCTCCGGCCGTCCGGCTCGTGCATTGGTCA 
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TABLE 8 (cont'd) 



f a a cl S g a9 ac? 9 ?c 9 t ta ? 9t ^ 

agag^IItagltct'tg 9 ?^^^ 

ZZgtttZtttgttVi ttt Jf^ 96891 ^ * ' ' " t9t ' ^"^"ScagattacgcgcagaaaaaaaggatcLcaag 

tcagcga^ctat^^ 
■ tgatacllc^gafcl^ 

=t a |atclagt a ?attaatf a9CaataaaCCa99Ca9TC ^^ 

?cacgct?gt a |ttt 9 g ?i aa9ta9ttC9CCa9tt * ata9 
":■ ?2 ag t"tccgftcgff«c CCCaaC9atCaa99C ^ 

a?g a ?t a t?tg 9 Iac?ggtg 9t tCa<rtcat ^ ttat ^"3cactg C at a attctcttactgtoatgc catc cgtaag 

gcgccacatag-agaac 1 1 f 9 * 9aa ta9t3ta ^S^F^Sas'tgctcttscccggcgtcaatacgggataatacc 

aacc^ftcgtgcaccflac^^^^ 

afggScgaef^aaa^tf""^^ 

tgtat^aglafaataaac*^^ 

a « a9 | 99 ni? C f cscaca 5 fc tccccoaaaagtgccacctoacgt'c 



TABLE 9 



C-Terminal Modifications 



BCiCGPDSALARHIGTDCDSGKVDSOTSQSGEPPPSPXPGSTLTPPAyGLTHS 



▼ 

** * 
ECIC6PDSM^<KilGTDCDS(3OT30SDSeA6EPPPSPTP6STLTPP 
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D. Modification of the C- terminus 

The C-terminal deletion of the terminal 7 amino 
acids of the TM^ polypeptide to produce a polypeptide 
ending at amino acid 490 of TM (with reference to the 
5 native human protein) to produce an exoprotease-resistant 

Pro-Pro sequence C-terminus was constructed as disclosed 
in Example 1(C) using as a primer oligomer COD-2320. A 
summary of the modifications to the C-terminus is shown 
in Table 9. 

10 E. Summary of the Construction of pTHR525 

The starting plasmid, pCDM8, for the following 
constructs was obtained from Invitrogen, San Diego, 
California. It carries the cytomegalovirus immediate 
early promoter. pTHR219 was cut with and the MluI-NotI 
15 fragment isolated. This fragment was inserted into 

PTHR211 yielding pTHR253. . pTHR253 was mutagenized with 
COD2218 to convert R456G and H457Q, yielding pTHR491. 
PTHR491 was cut and the Kpn-NotI fragment isolated. This 
fragment was inserted into the Kpn-NotI site of pTHR470, 

20 carrying the S474A mutation yielding pTHR496. This 

plasmid contains the mutations S474A, R456G, and H457Q. 
PTHR496 was cut and the MluI-NotI fragment isolated. 
This fragment was inserted into the Mlul-Notl site of 
pTHR235 yielding pTHRSll. This plasmid contains the 

.25 mutations S474A, R456G, H457Q, and the upstream TM 

sequences from the NotI site. pTHR511 was mutagenized 
with COD2320 to remove the 7 C-terminal amino acids 
yielding pTHR514. pTHR514 was cut and the MluI-NotI 
fragment isolated. This fragment was inserted into 

30 pTHR518 yielding pTHR524. pTHR518 was constructed by 

inserting the Clal-Smal fragment from pTHRSIS into 
PTHR512. pTHR524 was cut and the Xbal-NotI fragment 
isolated. This fragment was inserted into pTHR495 at the 
Xbal-NotI site yielding pTHR525. pTHR525 is expressed to 

35 make one of the preferred thrombomodulin analogs having 

N-terminal 63, R456G, H457Q, S474A, and C-terminal 67. 
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Table 10 shows sequences from the various 
intermediate plasmid constructs. 



Table 10 



3 i K R4Vo 

: T«Cl*C : b i TtrrtGATC-I jS»3T ^CG»^TG T AACCCAC7C6TGCACCCAACT5~7G T 7 CARQ 
A ~- ~ TTT * CTTT £££CAGCG777C7GGGTG^GC^ 

AAA AG68A A 7A&GGGCGAC ACGGAA A T G 7 r 5A A 7ACTC A7AC7C77CC 7 7 T~Tr ££7A7 

TA ! ? GAAGCAT^TA7CAG5GTTATT6TCTC..-TGAGC6GATACATATTT6AAT-TAt T7 a 

GAf-AAATAAACAAATAG3GGTTCC6C5CACATTTCteCGAAAAGTSCMCCTGACGTCT 

AAGAAACCATTA^TA^CATGACATTAACC7ATAAAAmTAG5CGTAT£ACGA^GC'-CTt- 

CSTC77CGAA77CAGGCCA7G777GACAGC T ?*7C 

A7CGA7 

*KPUi-NQ7i ^rag^ent rr.-i c7H*^l confining the GHnk 3o*air. into tne KPN - ---iOT • 
sites or c^Hf-:47o to a ****** iar : o NpnessjDr! D } £SfTi i G that exDres „,- DN - L 

the r;456G, H437G. and S47AA stations. 

o7KR4*i 

AGCG A AG CG A GCAGG AC TGGGC 5 G C GGCC A AAGC 6S 7CGG AC AG TGC TCDJ ^t- AACGfdb T 5C d 5^7 A r -^^^ T 
7GCA 7CA ACGC A 7 A 7 AGC GC7 AGC AGC ACGCC AT AGTGACTGGCGA7GC7G7CGGA A 7GGAC 
GA~A7C * 
CCSC 

A AG A GGCC CG G C AG 7 ACCBG C A 7 A ACC AA GCC7 A 7GC C 7 AC A GC A7CC AGG 5 7GA CG K7GCCG A'-. G ^ 7 - A" ^ 
A7GAGCGCA7 FG ! 7AG A 7 77C A 7 AC ACGG 7GCC 7GAC7GCG77AGCA A777 A_AC7GTGA7A A AC7 ACCG 7 
TAAAGC77A7CGA7GA7AAGC7G7CAAACA-GA5AA77C 
T7G 

A^GACGAAAG6GCC7CG7GA7ACGCC7A77777A7AGG77AA7G7CA7GA7AA7AA7GG777C77AGACG^ 
*CuD22<3 was used . to convert A.-c 456 61 y and His 457 Gin bv in vitro *v:tao*nesi«= 

in the vector p7HR235. 7his created a MSC1 site, 7his creates an 0-; ink do/nai 
n that, should not be cleaved in CHD cells- Also. COD i 836 was used to convert Ser 

474 to Ala, to eliminate a. potential GAG site in the 0-1 ink domain. This create 
d a KARI site. Also. C0DI689 k=s used to convert Atf? sensitive to AMP res: rant . 

AGCGAASCGAGCAGGAC7GGGCGGCGGC^ 

7SCATCAACGCA7A7AGCGC7AGCAGCACGCCA7AG7GAC7GGCGA7GC7G7CGGAA7GGAC 
GATA^C 

ccec 

AA6AGGCCCGGCAG7ACCGGCATAACCAAGCC7A7GCC7ACAGCATCCAGGG7GACGG7GCCGAGGA7GACG 
ATGAGCGCAT7GTTAGA77TCA7ACACGGTGC:7GAC7GCG7TAGCAA777AAC7G7GATAAAC7ACCRCA7 
TAAAGCT7A7CGATGA7AAGC7G7CAAACA7GAGAA77C 



AAGACGAAAGGGCC7CG7GA7AD3CC7A77777A7AGG7TAATG7CA7GA7AA7AA7GGTT7C7TAGACG7C 
*MLUJ-NG7! f ragment rrc.7, o7HF:2 2? containing , the oEGFs-Gi inked into the HLUI -N071 

sites or p7HR21! containing the Fiori in the eoposite orientation as o7HR21 9- 
This new oUsmid is tor in vit-o mutagenesis of the 01 inked and 6EGFs regions . 
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•3 A ACT i - ^ A A AG TGCTCh TCA T 7»3G A A A AC -3 T7C 7 T CGG«V3C GAAA AC T C "fCA^Gt- A 7C 

TTACCGCTGT7GAGATCCAGT7C£A76 T AAI 7 CAC7CG T GCACCCAArT?sftT ~ 77»~AR r 

*^ 7T TCACC A5CG7 ~ T C TGG'? T GAGC A A AAACA'SGAAGGCA AA*^ T G:"C*^ r A^ 

AHAAGGGAA7AAGG5CGACACf3GAAA7G"TC'A^7AC7CA7ACTCTT^CTTTT7rAATA7 

TATTGA^GCATT7A7CAG9GTTA77GTC7CA7GAGC5GATACATA-77GAA7GTA77TA 

GhA«i4ATA AAC A AAT AGGGGT TCCGCGCAC A T TTCC CCSAAA AS7SCCACC 7GACG7C T 

AAGAAACCA77ATTA7CATGACA77AACC7A7AAAAA7AGGCGTATCACGAGGCCC7TT 

CGTCTTCGAAT7CAGGCCATGTTTGACAGZ~7A7C 

ATCGA7 

*X'BAi-SALi fragment from oTHft4S3 containing the DNFL gene into the XSAl-SAi 1 sit 
eS vSot,° . tD make £ mafflffiaii ^ expression plasmid that ex Dresses DN^L lisips *r 
e MFSV promoter + CMV enhancer and has the DHFR gene stressed off the SV40 i'atY 
promoter. Tms plasnsid a? so contains the Hygruavcinfi gene. 

^AACATCTGATGGTTC 
TCTAGA 

CTGGAATTC6TCGACGAGCTCCCTA7AGT*ShG7CG7ATTAGAG 

GCCG ACTTGGCC AAATTCGTA A TCA TGG TC ^~AGC TGTTTCCTG7GTGAA 
■ A T7GT7A TCCGCTCACAATTCCACACAAC A TACGAGCCGSAAGCATAAA^ 

76TAAAGCCTG66GTG(XTAATGAGTGAGC t A>ACTCACATTAATTGC^TT 
• SDSC7CACTGCCCGC77TCCAG7CGGGAAACC7G7CGTGCCAGC7G(^7T 

AATGAATCGGCCAACGCGCGSSGAt? 

*2£. i "?U?i tZ**Zll cm. pTHF '- 1 f ""fining the 3aa deletion of the tfterpinu* o* 
PNrL into the CLA1-SMA1 part if.: of pTHR512. - 

CCCGGG D7HR515 



TAG AGCGCG AAGCA6TCG7GC 7CGACGCAC 75 G 

CT3CCACCCGGC7GCGGC7C6G -3GAAGACCAGGCC7GCCAGG^CCAGC 

GCcCCAAGGACCAGGACCCCAAGCATGTTACCCAGGCGCGCgaaatctccggcccs 
at eg at " 

gccgcggcgatatcgctCQaaa 
AAGC7T • 

'GAGTATTCTA7AGTG7CACCTAAA7A5CT7G5CG7AA7CA7G67ea7A' 
^ G ^ TAAT6AATC ^^ 

f!£ G ;^^ • * " 

..^^321 was used, to delete t- first 3 codons of the lectin domain and convert 

* 0urt ; ! 1yC i"f B ° f the Si9n£? to valin * ^ io vi *™ mutagenesis in &THR356. 
This created aS.Oi site. A) sr. C0D1690 was used to convert AMP sensitive to AM 
. t> resistant. This created a F=~l site. 



7ABAGCGCGAAGCAG 7CG7GC7CG ACGCA " T35C7GrcACCCGGC7B r G^TC^G^ - "^ 
GGTGCGGGGAACCCCAGGCCSGCCAGGGCCA " ' 

GCGCGC 

CAAGGACCAGGACCCCAAGCATGTTACCCAG 
GCGCGC 

^agatctcgggcccgatcgatgccgcggcgstatcgctcgagg 
AASC7T 

•fiAGTATTCTATAGTGTCACCTAAATAGCTT^IGTAATCATGGTCATA 
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!£:fII!?5' TST ? T *^^ 

, at o the HIWOS-SMA! site, of 2SELECT' . Th«* I=«?d" wff?^ ir-rMDo-odulir. 
« e*. the T!i •i 9 n.l-cle*v» 9 fe Hire.. ^.*««.d wni be um r«- auta«m»si 
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pTfciB2l£_ 

AGCGAAeC6AQCAGGACTeBGCGGC6GCCAAAGCGGTCBGACAGTGCTCC6ABAAC6SGTGCGCATAGAAAT 

TGCATCAACGCATATAGCGCTAGCAGCACGCCATAGTGACTGGC6ATGCTGTCGGAATGGAC 

GATATC 

DCGC 

AAGAGGCCCGGCAGTACCGGCATAACCAAGCCTATGCCTACAGCATCCAGeGTGACGGTGCCGAGGATGACG 

ATGAGCGCATTGTTAGATTTCATACACGGTGCCTGACTGCGTTAGCAATTTAACTGTGATAAACTACCGCAT 

TAAAGCTTATCGATGATAAGCTGTCAAACATGAGAATTC 

TTG 

AAGACGAAAG6GCCTCGTGATAC6GCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTC 
WIUUl-NOTl -fragment trom pTHRX2"7 containing the Het38e — >Leu mutation inthe 6Et 
s into the MLU1-N0T1 sites of pTHRi61 in order to maka an £ , col i expression vc 
tor that can be used -for- in vitro mutagenesis. 

pTHR512 

AGCGCGCGAACAGAAGCGAGAASCGAACTGATTGGTTA^ 
CTGG 

AAAGATCTGATGGTTC 
TCTAGA 

CTGGAATTCGTCGACGAGCTCCCTATAGTGAGTCGTATTAGAG 

GCCGAdTTGGCC^AAATTCGTAATCATGGTCATAGCTG'rTTCCTGTGTGAA 

ATTQTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAG 

TGTAAAGCCTGGGGT6CCTAATGAGTGAGCTAACTCACATTAATTGCGTT 

GCGCTC ACTGCCCGCTTTCC ABTCGGG A A ACCTG TCGTGCC AGCTGCATT 

AATGAATGGGCCAACGCGCGGGGAG 

*N0T1-XBA1 fragment from pTHR49G containing the DNFL gene into the NQTl-XBAl s: 
es a-f pG£M?Zf-. This pT asm id is designated 'A" in the strategy for construct ior 
of a Patent TM production plasmid. 

p THR21 1 

AGCGAAGCGAGCAGGACTaGGCGGCGGCCAAAGCGGTCGGACA6TGCTCCGAGAACGGGTGC6CATAGAAAT 

TGCATCAACGCATATAGCGCTAGCAGCACGCCATAGTGACTGGCGATGCTGTCGGAATGGAC 
GATATC 

CCGC 

AAGAGGCCCGGCAGTACCGGCATAACCAAGCCTATGCCTACAGCATCCAGGGTGACGGTGCdGAGGATBACG 

ATGAGCGCATTGTTAGATTTCATAC^CGGTGCCT.GACTGCGTTAGGAATTTAACTGTGATAAACTACCGCAT 

TAAAGGTTATCGATGATAAGCTGTCAAACATGAGAATTC 

TTG 

AAGACGAAA6GGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTC 
♦SCAi-SACl fragment from pGEMSzf- containing the fl origin of replication into, 
he SCA1-SAG1 sites a-f pTHRiAl . This is a new mutagenesis vector that uses the c 
posite strand as pTHRi&l- 

t>THR515 

'' GCCGGG 

TAGAGC6CGAAGCAGTCGTGCTCGACGCACTGG 

CT8CCACCCGGCTGCGGCTCGG GGAAGACCAGGCCTGCCAGGGCCAGC 

-GCGCCAAGGACCAGGACCCCAAGCATGTTACCCAGGCGCGCgagatctcgggcccg 
atcgat 

gccgcogcgatatcgctcgagg 
AAGCTt 

GAGTATTCTATAGTGTCACCTAAATAGCfTGGCGTAATCATGGTCATA 

GCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCXZAMCAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGG 



WO 93/15755 PCT/US93/01120 

98 

GCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCG6TAftTACG 

♦COD2321 was used to delete the first 3 codons o* the lectin domain and convert 
the fourth glycine of the signs! to valine by in vitro mutageneeiE in pTHR356. 
This created a STUl site. Also, CODl&^G was used to convert AMP sensitive to Al 
p resistant. This created a PSTl site. 



_ _ _ p THR4 7Q 

gaactttaaaagtgctcatcatt6GaaaacgttcttcgSggc5SAaactctcaaggatc 
tthccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagc 

ATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGeAAGGCAAAATGCCGCAA 

AAAAGGGAATAAGGGCGACAUGSAAATG7 1 GAATACTCA1 ACTCT FCCTTTTTGAATAT 

TAT1 GAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTAtTTA 

3AAAAATAAACAAATAGGGGTTGCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCT 

AAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGA6GCCCTTT 

-GTCTTCGAATTCAGGCCATGTTTGACAGCTTATC 

ATCGAT 

* HI ?SLc ra9mSnt * rQm P THR359 containing the SV40 . promoter into the HIND3 sites c 
r PTHR359 to make an expression pi asmid that expresses the ONFL gene o+~* the SV4 
J early promoter and the DHFR gene of-f the SVMO late promoter. Note; The SV*0 La 
ce promoter initiates transcription -from several locations. The main transcrio+i 
an mitation sxte is not included in, this plasmid. Also Note: there are 3 ATGs b 
=rtwesn the late promoter and the ATG o-f DHFR which may hinder* egression o-f DHFR 
. So escpression may be too weak to express the DHFR gene. 



WO 93/15755 PCI7US93/01 120 

99 

*WTTOA«GTSCT«TCATT«h^ 

llr-r-'-i 1 ?? 7CCAG ! *^^'~^r-:cHC7-:e7«?c^crcAi-cTSATc - 7cag-: 

7 . iAL.i • rCALL MbC G 77TC 7GGG ~G AGCAAAAACAGGAAGGCAA-iA 7 rt C r G*~ A£ 
rtAAAGSGAATAA5eGC6ACACGGAHA7C--TC--A7A^7CA7ACTCTTCC T V-T- : -AATp'- 
?A-7GAAGCA777ATCAC-c=--A7-:-7CT=:i7GAGC36A7ACATA7Trs^f-lf ATTTA 

GAA ^™A*«AA^^^ 

~5 J ^^CA 7GAC AT 7AAC C 7 A 7 AAAAA~ASGCG7A7CACSAGGC "CTT T 

CG ! C77CSAA77CAGGCCA7G7775ACA5 -TTATC 

A7CGA7 

*VBAI-N0T1 fragment from *7H=T2* containing the 2aa d»Wion c-' v-f-=™,„ , 
lus rh» 4tn aa Slv-Val . the ^a deletion or the C-term^u-! the «**A Sat?on P 
and me R456G. H4-3 .ut.t.or. srf DNFL. into the X5Al-NG?""s;te S ot owS? 

t 

^^GAACAGAAGCGAGAAGCG^ 

AAACATCTGA7GG77C 
~C"A6A 

C7SGAA7TC57CGACGAGC7;CC7A7AG-; - 37C C ~AT7AGAR 
GCCGAC77GGCCAAA77CG7AA7CA-:-3-rMTASCTeT77Cci : i?T.3T^AA 
A7TG i 7A7CCGC7CACAA77CCACACAAC4-ACGAGCC6GAAGC57AAAG 
. GTAAAGCCTGGt3GT6CC7AA7GAG73AG: r AAC7CACATTAATT6CG77 

GCGC7CACTGCCCGC777CCAG7CGGGAi=iCC7G7Ce7RCCARC76CATT 
AA7GAA7CG6CCAACGCGCGSGGA5 

-**LU-N0T! fragment from pTKRfs* containing a 7aa deletion at the end or' the n lin 

i sr? es on or P ss5i S : he S474A - R456e and the H457e -tat^; h : n s c th B sails 



ASCGAAGCGAGCAGGAC76GSC6GCGGCCAAAGCGG7C^ACA67GCTCCGA ^C(^STSrPir6 T6raa a T 

ccsc 

TTC- " 

^Sw^ST £2T f TA ^ CCTA ~ rrATA6GT TAA7G7CA T GA7AA7AA7GGT77C77AGACGTC 

rS^? ?M h! ? Sed . f to de,ete ' ^ids froa the C-teriminus of the 0-1 ink do«r, 

Y in /* tro ■«t«9«-«.l. of pTHRSU. This created an ACC1 site. Al=o 
OD1M9 was used to convert A- sensitive to AMP resistant. This created a 

A ^^ A ^?^^nT«^A5Z^^''^^^~ ~~ A ^ G ®^^^^STGCTCCG^R^^GlGT^CG^A7ASAAA7 
^^^TC^ ^^^^"^^ 7 ^ 7 ^^ 7 ^''^^~'*^^ 7 ^^ AA ^^ S """ T 

ccsc w 

AA ^^^^^^ AG7A ^^^ 7 ^^^^"-^^^CTACAGCATCCA6GGTGACSGTGCCGAGGA' : "' S AC6 
TTG t 



• 
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HAAACGSCG? CTTC?5CTCC-65SGT 8 TC<C ACAACCTCCC CaSTAr,- T -f 

^tgca-ct Gceeecccaa ctcgc-ccctt Kr^cr^ 7TWr " r ; 

CTGTGACTCC KM^ra ACGG7G5CSA CASCGSCG' ■ i^S^S 
. CGCCCflGCCC 8ACSCCCG55 7CTACC7TGA CTCT r CST' s Afircrrr."- 

gchgatcgat gccgcggcga tatcgctcga 

--A.-AASA7AC A7TSA7GA67 7~'3GACAAAC r AC AA«--AR* I 

_ ! - - : ' ■ ! • : **GhA A i 7767GA7S C7A776 ! -" T ATT~i"~AZ>r'*- 
A i TATAAGCT. GCAA7AAACA fiGTTAA L ' 



D7HR525 . seqA 



7 ""CCAGSGTGC<XCAAGGAC'--<-AAATC6rr'- 

■ AA3TTTAGTCT7T7TS7CTT ~4^7^^rT^"T''->^f»-H * 8 ^^*^^®^^A^A©AAAG77AfirTfiRT 
S^Jfl^CGCSCCTGGGTAACA^ 
i£CBAeCCGCA3CC©367BSM 

• l-TCh • T TaTT6C7flCTSAiCe5CSACes^S^SS22^fj 5ACASTSCe C'CCT!:SS7GGC7GCCGi 
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Table 11 shows the sequences of the various primers 
used to mutagenize the plasmids. 

Table 11 

OLIGOMER SVNTHESIz REQL€S7 FOP* COr— 2~<2! 



^naT! C ° nVert "° Urih - V T " si * na ' sequence to C>l" Ld delete ."aProAla 



0! igeraer size: 4£ cw,,w* i 

rrc„;ect : jM 

to Val and 

3 6 9 12 15 IS 21 2^ 27 20 33 36 30 47 4S 
CTS CCA CCC GGC TSC GGC ICS 5GG PAG ACC AGS CC7 GCC ASG GCC AGC 

Votes: Detect with STijj 
Coos Meaning 

£ Adenine 
C Cytpsine 
G Guanine 
7 Tftytn ine - 

OLIGOMER SYNTHESIS REQUEST F-jFH CGD-2320 



31 isomer size: 5} Pro^ec*- TK 

Purpcse: delete 7 uino acids --o, the 3' end of 0-1 ink Ve 3 icn . . by mutagenesis 

s ' _ _ 

3 6 ? 12 25 18 2! 24 27 30 33 36 39 42™* 43 
uCC GAC GCC C6G G T C,TAC C7T SAC 7CC TCC GTG AGC GGC CGC CAG A7C Cci 

Motes: Detect with ACC: 

Code Meaning 

A Adenine 

C Cytosine 

B Guanine 

7 Thyaine 



OLIGOMER SYNTHESIS REQUEST FG=~ C0D-22ie 



Oligomer size: 35 . Project.- tp 

Purpose: mutagenic olicc to cor. vert R456,H457 to G456 t G457 in DNFL. Screen with 
BALI. , 

5' ■ : = > 3 , 

3 6 ? 12 15 18 21 2- 27 30 33 35 - 
SAC TCG GCC CTT 6CT GGC CAS ATT 5GC ACC GAC TG - 



m 
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7* . Adenms 
6 Guanine * 



0: : ?o/r.er size: 27 
Reject: irn 



r t^^tSTT.'s:"' f ° t *- t:s ' -m. 6 v t « 



5' 



> 3' 
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Example 10 Separation and Purification of Clipped 

from Intact TM^fCHO)^^ by Affinity 
Chromatography * 

A* Materials and Methods 

5 The clipped soluble human TM starting material was 

TM^ Peak A produced in CHO cells, lot #102491A. Based 
on N- terminal sequence analysis, this lot contains 10% 
two-chain form and 90% single-chain form. An immobilized, 
anhydrotrypsin column (Pierce, Rockford, IL) was used to 
10 separate the clipped from undipped TM leo . Anhydrotrypsin 

is a catalytically inert derivative of trypsin in which 
the active site serine residue 195 has been converted to 
a dehydroalanine residue. Under weakly acidic condi- 
tions, this column binds peptides that have a C-terminal 
15- Arg, Lys or S-aminoethyl-Cys residue. See Kumazaki, T. , 
et al. (1988) J. Biochem. 103:297. 

Intact TMlbo (CHO) M 38e L contains a C-terminal Ser. The 
proteolytic cleavage at Arg 456 generates a second C-termi- 
nus ending in Arg. This dipeptide is covalently linked 
20 together by a disulfide bond. Thus, this column binds 

the two-chain clipped TM l4EO (CHO)M 3ee L present in the 
starting material and allows the single-chain intact 
TMleo ( CHO) M 3B8 L to . flow through . 

Approximately 1.29 ml of 0.87 mg/ml (459,000 U/ml; 
25 588,000 U total; 100%) starting material was diluted to 

15 ml using anhydrotrypsin binding buffer (0.05 M sodium 
acetate, pH 5.0, containing 20 mM calcium chloride and 
0.05% sodium azide) and loaded onto the column at 0.3 
ml/min using a syringe pump. While loading, the flow 
30 through was collected and contained intact TMj^ ( CHO) M 388 L , 

while the clipped TM LEO (CHO)M 38e L bound to the column. The 
column was then washed with 20 volumes of binding buffer 
and clipped TM^ (CHO) M 38e L eluted using anhydrotrypsin 
elution buffer (0.1 M formic acid, pH 2.5). 21 fractions 
35 (l min; ca. 300 /zl) were collected and diluted 1/1000 for 

an APC assay. The peak of activity was in fractions 
5-11. The pooled fractions comprised 2 . 1 ml and 
contained 45,771 U/ml (96, 000 . U total, 16%). Aliquots of 



WO 93/15755 PCT/US93/0i 120 

104 

the starting material, flow through and the pooled eluate 
were desalted into 0.2% NEM, pH 7.5 for analysis. 

The Kd for soluble human TM binding to human thrombin 
was determined in microtiter plates. Soluble TM samples 
5 were diluted (all dilutions are into APC assay diluent) 

to a working solution of approximately 3 nM; human throm- 
bin was diluted from a stock solution to working dilu- 
tions of 600, 300, 150, 75, 37.5, 18.8, 9.4, 4.7, 2.3, 
1.2, 0,6 and 0 riM. Working solutions of additional rea- 

10 gents were: human protein C, 1.5 /zM; hirudin, 160 U/ml; 

and S-2266 substrate 1 mM. Quadruplicate 25 fil samples 
of each thrombin dilution were added to one-half column 
of the microtiter plate; 25 jil aliquots of soluble TM are 
added to three of four test rows and 25 fil APC assay dil- 

15 uent replaces TM in one test row. The plate is mixed by 

tapping gently, sealed with a plate sealer and incubated . 
at room temperature for 5 min. . 25 fil of protein C was 
added to each well, the plate was tapped to mix, sealed 
and incubated 15 min at room temperature; then 25 fil of 

20 hirudin was added to each well and the plate was tapped 

to mix. 100 fil of ' S-2266 was added to each well, the 
plate was tapped to mix and read kinetically for 15 min 
in a Molecular Devices Plate Reader (Menlo Park, CA) 
using the SoftMax analysis and control software program. 

25 Linear rates of S-2266 hydrolysis were used as a measure 

of activated protein C formed after subtracting the 
appropriate background rates. This data was fit to give 
a Kd using the program Enzofitter, Robin Leatherbarrow, 
Elsevier-BioSof t, Cambridge, UK on an IBM PC. 

30 B. Results 

The following analyses were done on the starting 
material, flow through and the pool: l) SDS-PAGE under 
reducing conditions (Figs. 6 and 7), 2) APC assay (two 
dilutions in triplicate), 3) amino acid analysis in dupl- 

35 icate, 4) N-terminal sequence- analysis, and 5) determina- 

tion of for human or-thrombin (results shown in Tables 
12 and 13) . 
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TABLE 12 

Comparison of Clipped-TM^ (CHO)M388L and Intact -TM^o (CHO)M388L 



5 


TMleo Form 


Amino Acid 
Analysis 
(mg/ml) 


APC 
Activity 
(U/ml) 


Specific 
Activity 
(kU/mg) 


Thrombin Kj, 
(nM) 




Lot #102491 
(10% clipped) 


0. 048±0.01 


23, 900±570 


498±100 


9.9±l.i 


10 


Intact -TM LBO 
(flow through) 


0.035±0.007 


19,400±350 


554±110 


9.6±0.9 




Clipped-TM^o 
(bound pool) 


0.026 ±0.003 


9, 030+150 


347±40 


19±1 



15 TABLE 13 

N- terminal Sequence Analysis of TM^ (CHO)M388L Lot #102491A 
(Starting Material) ; Clipped-TM^tCHCOMSSSL (Pool); and 
Intact-TM^oCCHOMSSSL (Plow Through) 



'20 



30 



Plow Through Pool 
Sequence Lot #102491A (Intact) (Clipped) 



pmol (% of total) 

1) HIGTDCDSGK. . . 3 (8%) nd 1 186 (53%) 
25 (clip site) 1 ; 

2) FPAPAEPQPG. . . 14 (36%) 30 (32%) 40 (11%) 

(N- terminus #1) 



3) APAEPQPGGS . . . 22 (56%) 65 (68%) 127 (36%) 

(N-terminus #2) V ' 

1 nd ■ Not detectable. 



These results show that TM LBO (CHO)M 388 L can be cleanly 
separated into a form which is clipped after and an 

intact form by an affinity chromatographic purification 
35 step. Clipped TM LBO (CHO)M 388 L was shown to have 63 ± 15% of 

the specific activity of intact TM^o (CHO) M 388 L. The two 
forms were compared in an assay in which the activation 
of protein C is measured in increasing concentrations of 
human thrombin and it was determined that clipped 
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TM LEO (CHO)M 388 L binds thrombin two times less tightly than 
intact TM LEO {CHb)M 38B L. 

The preceding examples can be repeated with similar 
success by substituting the generically or specifically 
5. described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 

From the foregoing description, one skilled in the 
art can easily ascertain the essential characteristics of 
this invention, and without departing from the spirit and 
.0 scope thereof, can make various changes and modifications 

of the invention to adapt it to various usages and 
conditions. 
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WHAT IS CLAIMED IS ; 

1. A thrombomodulin protein analog/ wherein the 
amino acid sequence of a protease cleavage site is 
modified, whereby the analog is resistent to protease 

5 cleavage at that site, 

2. A thrombomodulin analog of claim 1, wherein the 
amino acid sequence of the unmodified protease cleavage 
site of the protein is between Arg 4S6 and His* 57 of natural 
thrombomodul in . 

10 3. A thrombomodulin analog of claim 2, wherein the 

amino acid sequence of the protease cleavage site has 
been modified to Gly* 56 -Gln 457 . 

4 . A thrombomodulin protein analog, wherein the 
amino acid sequence of the N-terminus is modified, 
15 whereby the analog has a single N-terminus. 

5. A thrombomodulin of claim 4, wherein the N- 
terminal amino acid is Glu 4 of natural thrombomodulin. 

6 . A thrombomodulin protein analog, wherein the 
amino acid sequence of the C-terminus is modified, 

20 whereby the analog has a single C-terminus. 

7. A thrombomodulin of claim 6, wherein the 
C-terminal amino acids are -Pro 489 -Pro 490 of natural 
thrombomodulin . 
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8. A process of enhancing the activity of 
thrombomodulin, wherein the thrombomodulin comprises a 
mixture of single- and two- chain thrombomodulin 
polypeptides, comprising removing therefrom two-chain 
5 thrombomodulin.. 

.9. A process of enhancing the activity of 
thrombomodulin, comprising preventing the cleavage of 
single -chain thrombomodulin. 

.10. A DNA sequence coding for a thrombomodulin 
analog of claim 1 . 

11. A DNA sequence coding for a thrombomodulin 
analog of claim 4 . . 

12* A DNA sequence coding for a thrombomodulin 
analog of claim 6. 

13. A vector comprising a DNA sequence of claim 10, 
operably linked to a promoter sequence capable of being, 
expressed in a suitable host. 

14. A vector comprising a DNA sequence of claim 11 
operably linked to a promoter sequence capable of being 
expressed in a suitable host. 

15. A vector comprising a DNA sequence of claim 12, 
operably linked to a promoter sequence capable of being 
expressed in a suitable host. 

16. A vector of claim 13 capable of being expressed 
in a CHO cell . . 

17. A vector of claim 14, capable of being 
expressed in a CHO cell. 
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18. A vector of claim 15, capable of being 
expressed in a CHO cell. 

19. A pharmaceutical composition comprising an 
effective amount of a thrombomodulin analog of claim 1 
and a pharmaceutical ly acceptable excipient. 

20. A method of treating thrombotic disease, 
comprising administering an effective amount of a 
thrombomodulin analog of claim 1. 

21. A method of expressing a single-chain 
polypeptide in a cell which produces a protease capable 
of cleaving said polypeptide, comprising 

a) detecting the presence of cleaved polypeptide 
in the expression product; 

b) determining the cleavage site by amino acid 
sequence analysis; 

c) modifying the nucleotide sequence of the gene 
which codes for the polypeptide at the cleavage site, 
whereby the thus-produced polypeptide is resistent to 
protease cleavage at said site and maintains biological 
activity; 

d) expressing the modified gene in a cell which 
produces the protease; arid 

e) isolating the thus-produced single-chain 
polypeptide. 

22. A method of claim 21, wherein the cleaved 
polypeptide lacks biological activity and/or is a 
competitive inhibitor of the uncleaved polypeptide. 
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